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Of  the  Engravings,  the  Subjects  are,  1.  A  very  sfo^ 
and  perfectly  s.afe  Gun  Lock,  by  Mr.  Dodd.    2.  The  framing 
of  a  Field  Gate  with  a  considerable  Accession  of  Strength,  ■ 
by  Mr.  Waistell,     3.  A  Compensation  Curb  for  a  Time  , 
J*iece,  by  Mr,Scotl.    5,  8.  Plans  and  Sections  of  the  Ba- 
varian Salt  Works.    7.  Captain  Brodie's  Method o"f  connecl- 
iug  Iron  Bars,  and  coating  them  with  Lead.     8.  Mr.  Rawlin- 
son's  Mill  for  grinding  Colours.     9.  Apparatus  for  grinding 
Indigo  and  other  dry  Materials.    10.  Method  of  banking  the 
Balance  of  a  Timfe  Piece,  by  Mr.  Hardy.     1 1 .  A  Pyrometer  i 
for  meafuring  the  Heat  of  a  Furnace,  by  Mr,  J.  G.  F. 
Schmidt.     12.  A  Portable  Steam  Engine,  by  Mr.  Murray. 

15.  Apparatus  for  making  the  Gaseous  Oxide  of  Carbon,  by 
Mr^Baruel.    14.  A  Topographical  Plan  by  Mr.  Churchman,     , 
in  which  the  Elevations  and  Depressions  of  the  Surface  of 
the  Earth,  are  by  a  new  Method  correctly  delienated.     15. 
Mr.  Gregory's  Apparatus  for  measuring  the  R)wer  of  Horfes, 

16.  The  American  Borer.  17.  Diagram  illustrative  of  Optics, 
by  Mr.  Ezekiel  Walker.  18.  Mr.  Sepping's  Blocks  for 
supporting  and  suspending  Ships.  19.  Count  Rumford's 
Apparatus  for  illustrating  his  Experiments  in  Proof,  that  the 

,  greatest  Density  of  Water  is  higher  than  the  freezing  Point. 

20.  A  Valve  for  Steam  Engines,  by  the  Chevali<|r  Edelcrantz. 

21.  Figures  and  Diagrams,  by  Edvrard  Pigott,  Efq.  to  illu- 
strate the  Causes  of  Periodical  Decrease  in  Diminution  of 
Light,  in  a  Star  in  Sobic(ki'd^hield.  22.  A  Press  tot  Botani- 
cal Specimens,  by  Mr.  Harrison. 
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ARTICLE    I. 


iMtr  from  Mr.  Tkoma*  Rkid.  t 

ktepiag  Mitch 


I  the  Conjiruciion  qf  Timt' 


To  Mr.  NICHOLSON. 


SIR, 


In  jogr  interefting  and  ufcfiil  Journal  cf  December lafl,  I  Pnmpenf.iSoa  ■ 
wai  ghd  lo  fee  Uie  impitivcmem  of  compenfation  pendulumt  m".  ejwJi 
for  adToaamical  clocki,  lb  sealoufly  uken  up  b;  fuch  an  able  Truu|hun. 
bond,  u  thai  of  Mr.  Kdwud  Trou^hton's. 

But  an  i;Koelicnl  clrKk  of  this  fori  liecomQi  lb  very  valuable 
tnd  DOKOifyanapacndageitianobrcrvatory,  lo  ihoreaftrotio-  , 

BunJ  infinimcnu  wilh  n-liid]  he  U  To  happily  etigaged  in  daily 
nwftnifttng  and  tmprovingi  that  he  mull  more  readily  Tee 
tbw  adnaUge  Ihaa  even  ihofe  wbole  buliners  it  is  lo  make  ' 

fuch  clock*.     If  Mr.  Berthuud,  a  celebrated  author  on  evtry  PrDtobllity  Tro^ 
paat  that  legardt  the  iinprovement  of  time-keeping  tnachiuo,  BerbuuiliM-. , 
la  coituB,    it  would  appear,    ihut  the  lied  wires  of   Mr.  (he  fleet  *>m 
Trou^on'd  pondotum  muft  be  too  (lemier.     Mr,  Berlhoud,  nuj-iiswollltW; 
bj  iih  experimentt,  law,  (hat  there  wa;  a  certain  flrengtb  itf 
■laieruU  tiecellkry,  in  orJcr  lo  render  ihe  compenfalion  coir- 
(ilrie    faaniig  limnd,  thai  on  llie  pcndulitm  lodt  (\(  luo  fmalt) 
b«ing  lengthened  by  heal,  the  CODtraAxjn  by  cold  would  out  j 
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bnng  (he  ball  again  qaite  ap  (o  the^ place  wliere  it  fet  out  from 
when  the  heat  was  iirfl  appKcd,  and  (his  with  a  ball  o\  a 
moderate  weight;  no  doubt  the  weight  oi'  the  ball  ma}'  bo 
made  fubfcrvient  to' any  (ize  of  wires, 
Mr.  Troughton       Whether  Mr.  Troughtbn  has  attended  to  ihefe  circum fiances, 
^tendcJio*^^     I  know  not,  but  fufpedl  from  Jiis  propohng,   yet,    to  make 
thii.  fome  fort  of  pyrometrical  apparatus  fur  the  further  proving 

of  bis  pendulums,  that  the  compile  compenfatioa  has  not 
been  fully  afcertained,  only  in  fo  far  as  regards  the  calcula* 
tion  of  the  relative  expanlions  of  brafs  and  fieeL 

The  improvement  of  clocksi  and  time-keeping  machines  of 
every  defcriplion,  more  particularly  thoTe  defiined  for  afirono- 
mical  purpofes,  is  a  fubjedl  that  has  not  a  little  engaged  my 
lime  and  attention. 
The  pendulum        There  is  a  pendulum,  having  a  wooden  rod,  the  confiruc- 
^^^^^^"IT^  ^*^"  ^^  which  is  defcribed  with  great  neatnefs,  perfpicuity, 
examined.  s^n^  mechanical  knowledge,  by  its  author,  (Mr.  Ludlam,  late 

an  eminent  profeiTor  at  Cambridge)  in  his  elfays,  and  recom- 
mended by  him,  uho  wan  no  fficunjudgCf  as  one  of  the  bed  in 
alroofi  every  refpedt,  particularly  in  (b  far  as  regards  the  im- 
pulle  from  the  clock  taking  place  through  the  middle  lino  or 
centre  of  the  rod,  to  be  tbencc  communicated  in  the  fame 
line  to  that  of  the  ball,  that  hence  no  circumgyratory  motion 
fliouid  take  place.  Now,  although  the  principle  (et  out  with 
litre,, i'etm^  completely  adapted  to  prevent  this  fort  of  motion, 
it  will  be  fouQd  on  (rial,  as  I  did>  that  of  ail  pendulums  yet 
madcj  it  i$  (he'mofi  liable  to  generate  tins  very  fort  of  motion. 
It  IS  Tiable  to  a    The  ball  being  the  middle  frufium  of  a  globe,  a  form  whofe 

the  rod  at  an  having  a  large  hole,  for  (he  rod  to  pafs  through;  this  taking 
^'*'  away  much  <>f  the  matter  from  the  centre*  tends  moch  more 

ihan  the  lenticular  form,  to  produce  the  motion  Mr.  Ludlam 
The  (crewt  wiHied  (o  avoid.  Another  great  fault  of  this  pendulum,  is, 
vh'tch  arc  a^ed  jji^^  q(  putting  in  fcrews  through  the  wooden  rod,  to  clip  the 

d«  not  mefcrve  A*^  P*''^  ^'■*^*^  ^^®  crutch ;  now  in  changes  of  weather  from 
a  conihnt  dif-  moid  to  dry,  or  by  heat  and  cold,  thefe  fcrews  will  accordingly 
^"^*  be  found,  fometimes  to  pinch  the  flat  part  of  the  crutch,  and 

at  other  times,  to  leave  it  at  liberty,  or  even  to  allow  it  to 
have  a  conliderable  degree  of  fliake  between  the  fcrew  points: 
hence  will  arife  very  different  degrees  of  impulfc  communicat- 
ed (o  the  pendulum  ball.      Wood    has  a  very  fenfible    la- 

titudinary 


IfJt.    ACID    ON    TIMB-KBEPlllO    MACBtNlLS.  } 

tkfldinary  alteralion,   by  the  efTeds  of  heat  atid  coId>   or  bj  bectofe  wood 
dry  and  moift,  vet  thcfe  efTe^s  on  its  length  are,  rather  but  IJin'^'i^ni- 
very  imperceptible,  or  at  leaf^,  are«  in  fo  fmall  a  degree^  as  penture  and 
have  not  been  well  afcertaThedf  to  what  extent  they  are;  even  °*®'»"«"»  *«• 
by  thole  who  have  made  experiments  with  it  on  the  pyrometer* 

Mr.  Berthood  condemns  wood  as  being  unfit  for  pendulum  The  end  ezpta« 
rods,  and  althoueh  he,  and  others  have  snven  tables  of  the  *^  «f  wood 
expanfi'Mi  of  various  materials,  yet  none  ot  them  have  con<* 
defcended  to  fay,  what  were  the  effcdis  of  heat  and  cold  oa 
wood  of  any  fort. 

1  am  well  convinced,  that  a  pendulum  may  be  fo  fitted  up  Wooden  aea« 
with  a  wooden  rod,  as  to  perform  with  fiich  a  degree  of  cor.  dutums  feem 
rednefi,  that  it  would  be  a  very  difficult  matter  to  fay,  whether  **5^^jj^  *^ 
it,    or  the    beft    compcnfatton    pendulum    yet    confiru£led,  dulomiy 
when  both  comparatively  iried^  was  the  neareft  to  accurate 
meafuring  of  time. 

There  has  been  one  circumflance  attending  all  thofe  pen-  ^ut  tie  often  iO 
dolums  fitted  up  with  a  wooden  rod,  that  their  errors  have  cooftmfted. 
been  imputed  to  the  rod,  when  in  fa6t,  they  ought  to  have 
been  imputed  to  that  of  the  ball,  and  thefe  errors  have  arifen 
from  the  manner  by  which  the  ball  is  hung  on  the  rod,  re/ling 
on  its  lower  edge  on  the  regulating  nut ;  and  lead  having  a 
cooBderable  degree  of  expanfion,  clocks  having  fuch  pen* 
dolums  have  been  found,  by  thofe  who  attended  properly  to 
their  going,  to  have  gone  conflantly  fafler  in  fummer  than  in 
winter.  Let  the  ball  therefore  be  hung  by  its  centre  on  the 
rod,  and  a  much  greater  degree  of  accuracy  in  time-keeping 
will  be  feen  to  follow. 

In  confequence  of  my  trials  with  Mr.  Ludlam's  pendulums,  in^Broted  pen* 
Ibey  were  found  to  be  extremely  troublefome  to  put  on  beat,  dulusn. 
ffom  their  flrong  tendency  to  this  gyratory  fort  of  motion,  it 
being  fome  while,  before  they  would  come  to  move  Aeadily  ; 
I  hit  not  only  on  a  method  of  putting  a  clock,  as  it  were  me* 
chanically  on  beat,  (the  common  way  being  by  the  ear)  but  was 
led  to  think  on  a  way  of  conflrudting  a  pendulum,  in  which 
tiiis  gyratory  motion  could  hardly  take  place,  even  although 
the  pendulum  fliould  be  but  indifTerentiy  fitted  up.  This  lafl 
was  by  following  a  method  quite  the  reverfe  to  that  of  Mr. 
Lttdlam%  in  making  the  pendulum  ball,  which  I  made  in  the 
ufual  or  lenticular  form,  and  in  order  that  it  fliould  have  as 
nrioch  of  its  natter  prefcrved  at  the  centre,  there  were  two 

B  2  Aeel 
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'fieel  wires  put  through  the  ball,  pafling  parallel  to  each  other, 
and  each  put  a  little  to  one  fide  of  the  centre,  through  which 
pendulum  rods  are  ufually  made  to  pafs,  and  when  the  rod  li 
wood,  it  necctfarily  takes  away  much  of  the  matter  from  the 
centre  of  the  ball. 

A  pendulum  of  this  fort  of  mine,  and  which  has  a  degree 
of  compenfation  in  it|  I  made  to  a  clock,  which  my  brother 
got,  and  which  he  has  at  his  houfe.  No.  til,  Rofamon  Street, 
Clerkenvvell. 
The  ezpenmeflc      I  mentioned  this  mode  of  putting  clocks  mechanically  on 
•PP^'f^l'^         beat,  to  my  ingenious  friend,  Mr.  Pennington,  who  has  (incc 
very  happily  applied  the  fame  fuccefsfully  in  his  practice  to 
watches,  &c« 
Pemlulum  ior         I  fee  you  have  mentioned  in  your  Journal  of  July  laft,  the 
reguUting^c^  application  of  a  pendulum  to  regulate  the  flriking  part  of  clocks, 
cJockij  not  new.  from  the  Society  for  encouraging  Arts,  8cc.  having  given  a 
premium  for  it  to  Mr.  Mafl)'. 

This  is  not  a  new  thing.  Mr.  Berthoud  mentions  it  as  his. 
invention,  and  yon  will  fee  a  drawing,  and  the  defcription  of 
it,  in  his  EJfaifiir  i* HorlogerUi  publifbed  in  1763.  Julien  Le 
Roy,  in  my  humble  opinion,  is  certainly  intitled  to  the  merit 
of  it,  as  it  appears  to  mc,  that  Berthoud  has  taken  the  idea  of 
it  from  I^  Roy's  method  of  regulating  the  flriking  train  of  his 
repeating  watches,  which-  he  invented,  and  applied  to  them 
about  the  year  1754'. 
The  crank  There  was  a  premium  given  alfo  in  1799,  by  the  honour* 

fcapeoicnt,  not    able  fociety  above  mentioned,  for  a  new  'fcapement  by  Mr. 
'  Goodrich  * ;  now  this  'fcaperoent  was  made  prior  to  the  year 

1740,  and  invented  by  the  Abb<S  Soumille ;  and  another  nearly 
of  the  fame  fort  was  made  at  Rome  before  that  period,  as  may 
be  feen  in  ihe  colledtion  publifhed  by  Thiout,  in  the  year 

1741.  Surely  nobody  would  think  of  adopting  fuch  a  Ycape* 
mcnt  as  this,  whofe  principle  feems  to  be  that  of  depriving 
the  pendulum  of  the  mod  valuable  property  it  pofleffes,  viz. 
that  of  having  the  liberty  to  operate  freely  under  the  influence 

^  ^^  of  gravitation*    Tiiis  'fcapcmcnt  keeping  the  pendulum,  as 

it  were  in  leading  ftrings. 

I  am  furprifed  that  none  of  the  members  of  this  honour- 
able  and  ufeful  fociety,  fhould  not  have  known,  that  thefe 

t  See  Philof.  Journal,  quarto  feries,    III.  342,  41G.    It  is  a 

crank. — N. 

things 
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th'ing^  for  which  premiums  have  been  adjudged  were  not  new, 
perhaps  they  vrere  neverlhclefs  fo,  to  thofe  to  whom  the  pre- 
miums were  adjudged. 

Amone  Thioul's  colleAion  may  be  fcen  a  *fcapement,  which  ^  'MpenHMJt 
^  ^  *  mide  loog  ags 

he  gives  to  the  ingenious  Dutertre,    about  the  year   1721-. 

Pcler  Le   Roy  gave  into  (he  Ro)al  Academy  of  Arts  and 

Sciences  in  the  year  17*27,  a  defcription  of  the  fame  'Icape- 

ment  which  Dulerlre  claimed,  or  pretended  to  fay  was  his 

invention.      The  midak'e  lays   with  Thiout,    for  Duttfrtre's 

^capement  is  an  improvement  of  a  v^iy  old  one,  ufed  by  the 

Germans  in  large  clocks,  perhaps  long  before  the  year  1 600,  y.** 

though  neither  the  author  of  it>  nor  the  time  when,  can  now 

be  traced. 

However  it  was  before  Dr.  Hook's  time^  who  invented  one 
of  tbe  fame  kind  before  1638.     I  would  not  have  entered  fo 
minutely  into  this  difcufliony  but  to  (how  tbe  progrefs  of  the 
duplex,  which  in  its  prefent  form,  was  fir  ft  made  fo  by  Peter  leading  to  th« 
Le  Roy,  who  afterwards  gave  it  up  for  a  bad  one;  yet  it  ought  **"P^*  )^S^' 
to  be  allowed  that  that  of  Dutertre's  muii  have  led  him  very  «r4s  fi: ft  made 
eafily  to  it.     So  much  for  the  duplex  'fcapement,  fo  called  by  by  Peter LeRoyw 
the  workmen,  and  now  in  fuch  general  ufe.     A  celebrated 
Philofopher  in  the  fupplement  to  the  Edinburgh  Encyclopedia, 
under  the  article  watch  work,  has  given  it  a  French  furname, 
that  of  Dupleixt  for  what  real'on,  I  know  not. 

Thioot  has  given  alfo  among  the  number,  a 'fcapement  ofThe  origin  of 
bis  owny  a  fort  of  detached  one,  and  which  may  be  confider-  de^h^^  Yca»e- 
ed  as  the  foundation  of  the  detached  one  of  the  prefent  day,  ment  afcribed  t6 
now  fo  much  improved,  and  of  fuch  general  ufe  in  all  our  ^'^^^* 
pocket  and  box  chronometers :  indeed  it  fecms  a  fcapement 
indifpenfably  neceflary  for  thefe  purpofes.     Yet  Berthoud  in 
bis  famous  time-keeper.    No*  8,  ufed  a  very  different  one 
froro  that  of  tbe  detached  fort. 

I  am. 

Sir,  with  much  eAeem,  Your^s, 

THOMAS  REID. 
Edinburgkt  25th  Mardt,  1 805* 
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II. 

An  Analyfis  of  the  Magnetical  P  if  rites;  with  Uemarh  onfome  of 
the  otlicr  Sulphur eti  of  Iron*  ii>y  Charles  Hatchett, 
£fq»  f.  R*  S,  From  the  Philofophkul  Tran/aSl  ions  for  ld04. 

(Concluded  from  page  276.) 

§  vn. 

Whether  the      OO  far,  therefore,  as  can  be  proved  by  (iniilarity  in  dicmical 
artmciai pymes    prQpertjes  and  anal) (is,  Ihc  magnelical  pyrites  is  indifputably 
offulphorbe,     a  natural  fulphurct,  compfetcly  the  fame  with  that  whiih  lilt 
like  the  oitural,  i^^j^-  jjj^j  been  only  known  as  an  artificial  produ6l :  but,  that 
the  mind  may  be  pcrfcclly  fiilisliod,  another  qucHion  nnitl  be 
folved,  namely,  ,hoiv  far  do  ihey  accord  in  receiving  and  re- 
taining the  property  of  magnetifm  ?  common  p)  riles  do  not 
appear  toaffect  the  magnetic  needle,  or,  if  Come  of  them  Ilighlly 
36I  by  attra^ion,  (which  h(»wever  I  never  could  perceive,  nor 
rccolledl  to  have  read  in  works  expref>ly  relating  lomagnelifm,) 
yet  they  Jo  not  poflefs,  nor  appear  capable  of  acquiring,  any 
magnetic  polarity.     As,  therefore,  the  iron  of  pyrites  is  un- 
doubtedly in  the  metallic  fiate,  and  in  a  confiderable  proportion, 
the  deflru6tion  oF  this  chara^lerifiic  properly  of  metallic  iron, 
mud  be  alcribed  to  the  other  ingredient,  lulphur. 
The  artificial  But  we  have  lately  feen,  that  a  natural  combination  of  iron 

compound  is  not  ^^j^j,  35  3^  ^^  3^  .,^,.  ^.^^^  ^f  fulphur,  is  in  pofTeffion  of  all  the 
a  flMiT  mixture.  '♦      .  *         ,      . 

properties  fuppofed  hitherto  to  appertain  (in  any  marked  degree) 

almoft  exclufively  to  the  well  known  magnetic  iron  ore;  and 
that  the  combination  alluded  to  is  flriftly  chemical,  and  not  (a:* 
at  firfl  might  have  been  imagined]  a  mixture  of  particles  of 
magnetic  iron  ore  with  common  pynles  *. 

The  compound        This  is  certainly  very  remaikable;  and  it  induced  me  to  exa. 

^'redly  formed  mine  the  effedls  produced  by  fulphur,  on  the  capacity  of  me- 
tallic iron  Tor  receiving  and  retaining  the  magnetic  properties, 
I  therefore  prepared  fome  fulphuret  of  ircm,  by  adding  a  large 
quantity  of  fulphur  to  fine  iron  wire,  in  a  moderate  red  heat. 

^^  This  has  been  fufficieotly  proved,  by  the  fafls  which  have  been 
Hated;  1  fliall  however  add,  that  upon  digefting  a  mixture  of  the 
powder  of  common  pyrites  and  iron  filings  in  muriatic  acid,  I  only 
obtained  hydrogen  gas^  exactly  as  if  I  had  employed  the  iron  filings 
without  the  pyritc», 

ThQ 
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• 

The  internal  colour  and  luftre  of  Ihe  produd»  wore  nol  Tcr^irtfembkd  com- 
imlike  thofe  of  the  inagnetical  pyrites;  and^  after  the  mafs  ^^^  JmapX^ 
bad  been  placed  during  a  few  hours  between  roagnetical  bars»  of magaecifm. 
1  found  that  it  pofleded  fo  Arong  a  degree  of  polarity^  as  to 
atiracl  or  repel  the. needle  completely  round  ikpon  its  pivot; 
and  although  fevera)  weeks  have  eiapfed  fince  it  has  been  re- 
jnoved  from  the  inagnetical  bars^  it  Ail)  retains  its  power,  with 
little  diminution  ;   like  the  magnetical  pyrites,   however,  in 
\i<  natural  (late,  it  is  not  fufiiciently  powerful  to  atlrad  and 
uke  up  iron  Alings. 

But   tfai«  fulphuret  did  not  contain  fo  much  fulphur  a«  theltcootajDcdteft 
magnetical  pyrites ;  I  therefore  mixed  fome  of  it,  reduced  to  n"™^!^ 
powder,  with  a  large  quantity  of  fulphur,  and  fubjedled  it  to  pyrites.    More 
diftillaiion  in  a  retort,  which  was  at  length  heated  until  the  ^"IfJl"'  •^ 
juiire  bulb  became  red. 

The  fulphuret,  by  this  operation,  had  aiTumed  very  much  Itwwattriftablc 
the  appearance  of  the  powder  of  common  pyrites,  in  rcfped 
to  colour ;  but,  in  it«  chemical  properties,  luch  as  foluhiiity  in 
muriatic  acid,  with  the  produ£lion  of  fulphuretted  hydrogen 
gas,  as  well  as  in  the  nature  of  the  precipitates  it  afforded  with  . 
prufliate  of  potadi  and  with  ammonia,  it  perfedlly  refembled 
the  roagnetical  pyrites.  Moreover,  by  analyfis,  it  M^ras  found 
to  confil)  of  3.3  parts  of  fulphur  and  G5  of  iron ;  and  although 
(being  in  a  pulverulent  ftate)  its  power,  as  to  receiving  and 
retaining  the  magnetic  property,  could  not  foeafily  be  examin- 
ed, yet,  by  being  powerfully  at  traded  by  the  magnet,  with 
fome  other  circuraftancc<;,  there  was  every  rcafon  to  conclude, 
lliat  in  this  refpcdl  alfo  it  was  not  inferior. 

Another  proportion  of  fulphuret  was  formed,  as  above  dc- 
fcribed;  it  was  placed  between  magnetical  bars,  and,  in  like 
manner,  received  and  retained  the  magnetic  power. 

It  is  certain,  therefore,  that  when  a  quantity  of  fulphur  equal  Hence  36  or  37 

to  35  or  37  per  cent,  is  combined  with  iron,  it  not  only  does  nol  ?^^*^"1^*  .^' 
'  '  •'  not  prevent  tron 

prevent  the  iron  from  receiving  the  magnetic  fluid,  but  enables  from  becoming  a 
it  to  retain  it,  fo  diat  the  mafs  acls  in  every  refped  as  a  per-  "^sncc- 
manent  magnet* 

Black  oxide  of  iron,  by  one  operation,  does  not  appear  to  Black  oxide  of 
combine  with  fulphur  fo  readily  as  iron  filings;  a  feocw<l  opera-  '*^?'?  ^^^^^'"-^ 
tion,  however,  converts  it  into  a  fulphuret,   vwy  much  re-  ro:iaiiy. 
jembling  th^t  which  has  juii  been  defcribed,  including  tiic 

chemical 
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chemioil  ai  weJI  as  the  magnetical  properties;  biit»  undoabted* 
Ijfy  by  thefe  proceiTes,  it  is  progreffively  convteted,  perfe^ijr 
or  very  nearly,  into  the  metalh'c  ftate. 

Iron  combined  ^rith  a  larger  proportion  of  oxygen,  fucfa  as 

the  iine  gray  fpecolar  iron  from  Sweden,  will  not  form  a  fal- 

phuret  by  the  dire6l  application  of  fulphur,  in  one  operation; 

although  it  becomes  of  a  dark  brown  colour,  partly  iridefcent^ 

and  is  moderately  attraded  by  a  magnetr 

Mtgiietical  Fifty  grains  of  the  magnetical  pyrites,  reduced  to  powder, 

pyritef  combined  ^j^^  mixed  with  three  times  the  weight  of  falphar,  were  diAilled 

inqfPyfajphiL'y jn^iretort,  until  the  bulb  became  moderately  red-hot.     After 

the  didiUatbn,  the  pyrites  weighed  54.50;  confequently,-fha 

addition  of  fnlphnr.  was  9 per  cent,  making  the  total  r=  45.50  or 

46  per  eenL    The  powder  was  become  greenifli-ydiow,  very 

like  that  of  the  common  pyrites:  it  did  not  afford  any  fulphu* 

retted  hydrogen,  when  digeiled  in  muriatic  acid ;  but  it  never* 

theibfs  was  partially  diflblvcd,  and  theiblution,  when  examined 

by-prufliate  of  pota(h,  and  by  ammonia,  was  not  diderent  from 

fh^  of  the  crude  magnetical  pyrites. 

•*^m  ftill  tfi*         '^^^  powder  which  Imd  been  diftilled  with  fulphur,  and 

tra^  by  the     which  had  thus  received  an  addition  of  9  per  ceni.  to  its  original 

^^'^^^  quantity,  xbiu  fiiil  capable  qf  bein^  completely  takeu  up  by  a 

magnet. 
Iron  ceafei  to  bt     From  the  whole  of  the  experiments  which  have  been  related, 
•aed  on  by  the  it  4s  therefore  evident,  that  irpn,  when  combined  with  a  confi* 
?fe^  n*h  ****^®'*^'®  proportion  of  fulphur,  is  not  only  ftill  capable  of  receive 
It  It  fome  point  ing  the  magnetic  property,  but  is  alfo  thereby  enabled  to  retain 
between  46  and   jj^  ^^^d  thus  (as  I  have  already  remarked)  becomes  a  complete 
^  *         *        magnet ;  and  it  is  not  a  little  curious,  that  iron  combined  (as 
above  flated)  with  45  or  46  per  cent,  of  fulphur,  is  capable  of 
being  taken  up  by  a  magnet,  whild  iron  combined  with  52 per 
cent,  or  more,  of  fulphur,  (although  tikewife  in  the  metallic  flate,) 
does  not  fenfibly  afied  the  magnetic  needle;  and  hence,  fmall 
as  the  difference  may  appear,  there  is  reafon  to  conclude,  that 
the  capacity  of  iron  for  magnetic  adion  is  dcflroyed  by  a 
certain  proportion  of  fulphur,  the  effedls  of  which,  although  little 
if  at  all  fenfible  at  46  per  cent,  are  yet  nearly  or  quite  abfolute, 
in  this  deflruQion  of  magnetic  influence,  before  it  amounts  to. 
59.     fiut,  what  the  exad  intermediate  proportion  of  fulphur 
may  be,  which  is4idequate  to  produce  this  effed,  I  have  not  as 
yet  determined  by  adsal  experiment. 

As 
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rtmo  afi«  on  foft  iron,  (which,  alliiough  ii  mofi  readily  ^"'p'','"  '°'^ 
(Iw  magnetic  influence.  i>  unable  to  retain  it  fo  »  lo  i„  uufina  ir  n 
a  m>i;nel.  wiihoui  the  aiirfiiion  of  »ccruin  proportion  f""'""  nainn- 
4f  ntbon,  hy  which  it  is  rendered  hard  and  brittle,  ur.  in  otliei     ' 
maii,  i*  codvvrtcd  into  fleel,  fo.  in  like  ma'incr, duet  Tulpliur 
bml«ft€t;  far  it  ha<  bern  proved,  by  the  pre<^ding  experi- 
■nAj^lbM  the  brittle  malt  formed  by  llie  nnion  ol'  a  certain 
^^^^Htn  of  ilii>  fubflancc  with  imn.  whether  by  nature  or  by 
^^^^^H^cs  captkblt'  of  retaining  the  magnetic  virtue,  and  of 
^^^^^^  a  compleie  magnet, 

f  TU»rcnurkiib1c  coincidence,  in  the  eiTeflt  produced  on  iron  —and  (•  l*s- 
br  carbon  and  folphur,  induced  me  (o  try  the  e(F«a.  ol  pbof-  "^^^"'  ^''"^ 
pbotn^:  and  my  hope  of  fuccL-f*  wat  increafed  by  llic  remark 
of  Mr.  Peltetier,  who  fa)!,  that  "  the  pliufplmrei  of  tr<m  U 
■Itrafied  by  the  magnet;"  *  and  tiierefore.  allbnugh  certain 
bodies  may  be  ihut  sttraflud,  without  being  capable  of  ■dually 
becpming  petmanent  magnet*,  I  was  dt'lirous  lo  usamine  what 
atif;htbe  ibe  power,  in  this  rcfpec),  of  pHofpIiuret  of  iron. 

1  ibcfefore  prepared  a  quantity  of  pliolphorct  of  iron,  in  IbeEipcriment. 
dif«a  way,  w':.  by  adding  phi)fphor»!,  cut  into  fmdl  pieces,  loPhitph-irti^ 
tao  iron  wire  tnade  moderately  red-hol  in  a  crucible.  The  ufual  * 

friwnocMM«  look  place,  faiii  a*  the  brilliant  white  Hame,  and  the 
rapid  n>«Iltng  uftbe  iron,  ivhich,  when  cold,  wai  white,  with  a 
firtatcd  grain.  eKtremely  brittle,  hard,  and  completely  convert- 
ed ion*  a  phofphuTEl.  The  fiagmenis  of  this  were  powerfully 
Wtraded  by  a  magnet ;  and.  after  1  had  placed  two  or  three  uf 
ibe  lafgcli  piece*,  during  a  fuw  hours,  between  magnetical  ban, 
1  bad  the  pleufure  lo  find  that  thefe  had  beionie  powerfal— «ilbr  the 
nagtieti.  which  not  only  atirafled  or  repelled  (he  needle  f^«- po*,rfui^oe^ 
^etdv  round,  but  were-ulile  tn  take  up  ircn  filings,  and  finall 
pieces  about  halfxn  inch  in  length,  ol  line  liariifichofd  wire; 
and,  ahbougtt  Ihcy  have  now  been  removed  troin  the  mag- 
r>eiical  ban  more  than  three  weeks  1  cannot  difcover  any  di- 
of  the  power  which  had  thus  been  comtnunicaicd  to 


The  three  iijflsminaMe  fuhflatires  carhmi,  jlilpliuT,  and 
jli^fAonu,  which,  by  tiieir  chemical  cSeftfi  tm  iron,  in  many 
tcfpedi  refembJe  each  other,  have  now  therefore  been  proved 

•  «  U  Phofphare  de  Fcr  rli  aiiirabie  a  i'aimim."  AnnaUi  4c 
CUmifj  TomcXIlI.  p.  \\i. 
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alike  to  poflTefs  the  property  of  enabling  iron  lo  retain  the 
power  of  roagnetifm ;  but  I  (hall  confider  this  more  fully  in 
the  following  ie£lioD« 

§  VIII. 

From  the  whole  which  has  been  dated  we  findi 
Geoerat  refultB.       !•  Tliat  (he  fubflance  called  magnet  teal  pyrites  which  has 
ilagnecic  pyrites  hitherto  been  found  only  in  Saxony  and  a  few  other  places,  is 
]  alfo  a  Brilifl)  mineral^  and  that,  in  Caernarvon(hirc»  it  fornos  a 


vein  of  confiderable  extent,  breadth,  and  depth. 

2,  Ti)at  the  component  ingredients  of  it  are  fulphur  and 

37 fulphuic^roetallic  iron;  the  former  being  in  the  proportion  of  36.50  or 
mA  63  iron.        ^^^  ^^^  ^^^^  ^^^^^  ^^^^  63.50  or  63. 

It^ffenin  its        ^*  '^^^^  ^^^  chemical  and  other  properties  of  this  fubflance 
propcitio  fcom  urc  very  different  from  thofe  of  the  common  martial  pyrites, 
^^^tcMi^t    which  however  are  alfo  com pofed  of  fulphur  and  iron,  varying 
■Hxe  falphur.     in  proportion,  from  52. 1 5  lo  5 4-. 34  of  fulphur,  and  from  47.85 
to  45»66of  metallic  iron  ;  the  difference  between  the  common 
pyrites  which  were  examined  being  therefore  2. 1 9i  and  the  mean 
proportions  amounting  to  53.24- of  fulphur,  and  46.75  of  iron; 
confe({uently,the  difference  between  the  relative  proportions,  in 
tlie  coropoiilion  of  the  magnctical  pyrites  and  of  the  common 
pyrites,  is  nearly  16.74,  or  16.24. 
It  is  identically       '^^  That,  as  the  magnetiiTil  pyrites  agrees  in  analytical  refultSt 
tfK  fame  » the   as  well  as  in  all  chemical  and  other  properties,  with  that  fuU 
■rtihciai  tul-       phuret  of  iron  which  hitherto  has  been  only  known  as  an 
artificial  product,  there  is  no  doubt  but  that  it  is  identically  the 
fame;  and  we  may  conclude,  that  its  proportions  are  mofl  pro- 
bably fubjcdied  to  a  certain  law,  (as  Mr.  Proufl  has  obfervefl 
in  thccafeof  the  artificial  fulphuret,)  which  law,  under  certain 
circuni fiances,  and  cfpccially  during  the  natural  formation  of 
tins  fubflance  in  the  humid  way,  may  be  fuppolcd  to  a£t  in  an 
almoH  invariable  manner. 
Ib  common  py-       ^*  TbaU  >"  *he  Airmation  of  common  martial  pyrite«,  there 
ntiS  the  fulphur  is  a  deviation  from  this  law,  and  that  fulphur  becomes  the  pre- 
pscdoaunates*      liomioant  ingredient,  which  is  variable  in  quantity,  but  which,  by 
the  prefent  experiments,  has  not  been  found  (o  exceed  54. 34  per 
cent,  a  proportion,  however,  that  poffibly  may  be  furpaffed  in 
other  pyiites^   which  have  ;iot  as  yet  been  chemically  ex* 
^luincdt 

6.  That 
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«.  Thai  iron,  when  ombinerf  naiurally  or  arlificially  wilh  '•'™"  "f  '*" 
W.JO  or  37  of  rtilphur,  i»  ntH  only  fiill  capable  of  receiving  the„",[j  pj,!^^'" 
inagnelic  tluid,  bul  is  airiircnilpri-il  capable  gfrflsinitig  it,  tttat 
Inbrcnrne  in  evFry  riTptft  a  pcfnianeniniBKnel;  and  ihcfsnie 
iciy,  in  a  Rreal  mcarure,  be  inli-Ttod  tefpefling  iron  which  bii 
been  arliticiallv  combined  wilh  i5.50pcr  cent,  ot  Hilphuf. 

7.  That  Ui-ytiiKi  Ihis  pruporlion  of  45.50  or  i6  per  cent.  ofP"Vinion}x. 
hlj^nr,  (in  the  natural  conxnon  pyriles,)  all  f"fc^P'il'"'"'y  of^"     *jjj  ^^j^* 
tto  nuf^i^lic  inHui:n«:  appear!  to  be  delltoyedj  and,  although  en te  ii  iiO. 
1b(  prccire  ptdponion  which  n  capable  of  producing  this  cf- 
fca,  ht%  tiTit  yd  been  detcnnined  by  afltinl  espetiment,  it  is 
'MflMifhallbelimilsarebc-lweirnf'.^.Snand  52.13;  unleftrome 
aaknown  ttlleralion  ha^  taken  plact:  in  the  Sale  of  the  Tulphur, 
•f  «f  the  iron  ill  the  common  mariiil  pyriie*. 

'    9.  That,  a^  catbon,  when  combined  in  a  certain  proportion  A»  eirlion  rta- 
Irilll  iron,  (forming  fteul,)  enables  it  In  become  a  p^fnaneni  j.^,'™^,J|^^ 
d  ai  a  cartain  pruporlJon  of  fulphur  communiralesirni,  ro  ilts  to 
bmeqoalilv  loiron.  To  alfo  were  foonii  tobe  Hie  etfea.  of''!'''!"''"'-' 
;|ilH>fphoru>;  Ibr  ihn  phofpimrei  of  iron,  in  this  refpeA,  was  by 
'tmh  ihff  mod  powerful,  ut  Ii.-:i(l  when  co nil dc ted  compare-  . 
S«wly  wilh  ftiiphorelof  iron. 

9.  Amt  lafily.  that  as  carbon,  fulplmr,  and  phnfphoru'.  pfo-  CondulioTi. 
dure,  by  tlieir  onion  with  iron,  m.-in;.  chemical  cfiefl^  of  much 
fn  r)n  each  of  them,  when  combined  with  that  metal 
hroflain  propnrii.m!,  not  only  permit  it  to  receive,  bnt  alfo 
ivt  it  Uio  peculiar  power  of  retaining,  the  magneiica!  proper- 
p*;  and  ibos  henceforth,  in  addili'in  to  that  carburet  of  iron 
illcd  0evl,  certain  fulphiirels  and  plmfphuren  of  iron  may  be 
llj^HccI  31  bodies  pccuTiaily  Circepiible  of  tlrong  nnagiictical 
~  ipregnalion. 
Haviog  thm,  for  the  greater  pcrfplcoily,  reduced  the  princi- 
il  b&*  of  lhi>  I'jpcr  into  »  concife  order,  I  (hall  now  make 
i»e  gt-flcral  obl'iTvalion<. 

Il  j(  nndoiibtudlv  not  a  lillle  lingular,  that  a  fubftanoe  likeRtmj.lu- 
emgnelical  pyrites  which,  although  not  common,  liaibeen  Tlie  nugmiml 
ltItO*n  to  minenilogifl*,   iliould  not  hitherto  have  been  «,cft;nepri»)ufl. 
Imicctlii  examined,  efpccially  asmineralugical  aulliur^  have 
mlinKii  the  analyfii  ot  it  at  a  deHderal urn .     The  refult  of 
lit  ivbclt  I  h«ve  allempled,  proves  that  it  ii  really  defervin;; 
I  soUoe;  ('tr  lliui  we  have  afcertained.  that  the  fulphurel  of 
on  kAvrlo  knimn  only  as  an  arliliciBl  produfl,  is  alfo  formed 
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by  nalure;  and  that  the  compoiitiun  of  this  Ia(l»  agrees  with 
thofe  proportions  of  the  artificial  fulphurct  which  have  been 
flatedbyMr.  Prouft. 
Ko  ln(erm^dlate  But,  from  this  fulphuret  or  roagnetical  pyrites,  I  have  not,  hy 
ntuTftt  produft  analyfis,  as  yet  been  able  to  difcover  any  regular  or  immediate 
common  and  the  gradations  into  the  common  pyrites;  for  the  lead  proportion  of 
vug*  pjnt»«       fulphur  in  thefe  amounted  to  52,15,  and  (he  greatefl  proportion 

to  54.34';  fo  that*  between  the  magnelical  and  (he  common 
pyrites^  the  difference  is  confiderable,  in  the  proportions  or(heir 
component  fubftances,  as  well  as  in  their  ph^fical  and  chemical 
properties ;  whilll  the  difference  which  I  have  hitherto  been  able 
to  dete6t  in  the  proportions  of  foroe  of  the  common  pyrites 
(very  difGmilar  in  figure,  luftre^  colour,  and  hardnefs,}  has 
only  amounted  to  2.19. 

Mr.  Proud,  in  a  general  way,  conGders  common  pyrites  to 
differ  from  (he  firfl  fulphure(|  or  that  compofcd  of  60  parts  of 
fulphur  and  100  of  iron,  {=37.50  per  cent,)  by  containing  a 
farther  addition  of  half  the  above  quantity  of  fulphur,  or  90- 
parts  of  fulphur  and  100  of  iron,  (=  47.36  per  cent,)  but  this 
opinion  he  appears  to  have  formed,  in  confequence  of  refults 
obtained  by  fynthetical  experiments  made  in  the  dry  way.-~ 
Now,  when  we  conOder  how  difficult  it  is  to  regulate  the  high 
degrees  of  temperature,  and  what  a  numerous  chain  of  altera- 
tions  in  the  relative  order  of  affinities  mod  commonly  refult 
from  alterations  in  thefe  degrees  of  heat,  it  feems  to  me  that 
we  cannot  rely,  with  abfolute  certainty,  on  fynthetical  experi* 
inents  made  in  the  above  way,  unlefs  they  are  corre^ed,  and 
contrafled  with  analytical  experiments  made  on  the  fame  Tub* 
fiances.  But  it  does  not  appear,  from  the  two  memoirs  pub- 
lifhed  by  Mr.  Proufl,  to  which  I  have  fo  frequently  alluded, 
that  that  gentleman  did  more,  in  refpecl  to  anal)  lis,  than  diftil 
the  cubic  and  dodecaedral  pyrites  found  near  Soria,  from  which 
he  obtained  about  20  per  cent,  of  fulphur ;  and,  having  ob- 
ferved  that  the  refiduum  poffeffed  the  properties  of  the  fulphu- 
ret which  has  been  commonly  prepared  in  laboratories,  he  con- 
cluded that  the  fulphur  obtained  from  the  pyrites,  is  the  excefs 
of  that  proportion  which  is  requifite  to  form  the  fulphuret,  the 
proportions  of  which,  therefore,  he  by  fynthefis  afcertained  to 
be,  as  I  have  above  dated,  =3  37,50  of  fulphur,  and  62.50  of 
^ifon,  or  60  of  fulphur  combined  with  100  of  iron;  and  laftly, 
hftvioi  formed  919  grains  of  this  fulphuret  from  200  grains  of 

iron 
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iron  fiiiBgi,  be  diRilled  th«  fuljihurel  wilh  an  addilicin*!  qaan. 
f      lUv  of  Tutphnr,  in  an  inferior  degree  of  heal,  and  nblalncd 
3IK  graint  trf"  a  fubllance  which,  excepting  denCty,  waj  ftmi* 
l«i  to  Ifac  comtoon  martial  pjriict.* 

Ii  it  liowever  to  be  regretted,  Ihal  Mr.  Prouftdidnnt  make  Hed'^aMaulw 
a  t«jrular  analyfii  of  the  pyrilw  .f  Soria,  and  of  the  refiduam  J,''*"'"  "^*' 
•itcrdillillBiion;  for(anler>ilhefe  pyrites  are  very  differeiiit'rom 

tlhofe  which  I  have  examined]  be  would  rrioll  probably  hare 
found  the  propnriLon  of  fulphiir  greater  llian  that  which  he  has 
•ffi|;nedlaiulkiralpyr!ieiin^envral.  Thii  at  leali  there  is  gr««t 
na(an  to  fuppole,  if  we  allow  ihal  mod  or  all  of  ihe  pyrilc* 
Wve  been  formed  in  the  humid  way,  hy  which,  we  may  con- 
,  a  tar](cr  proportion  of  fulpliur  may  be  inlfoduoed  into 
Ifce  minpour)d,  than  can  lake  place  in  high  d^reea  of  lem- 
pcniure.  And  ihtt  opinion  is  cortoboralcd  bv  ihe  refullE  of 
DyaiuKfe*;  lor,  inllead  of  finding  the  general  proporlioni  lo 
be  IT  Jfi  of  fulphur  and  52.64  of  iron,  the  mean  refult  of  thefo 
li(e»  ti  very  nearly  the  r ever fe,  being  53.3  V  of  fulphur  and 
46,Tl>of  iron. 

tufi  i»  alfo  of  opinion,  that  Ihe  pvrilen  which  contain  Prouft  •pprr- 
lllefroillcft<|uanlity  of  f„lphur.  are  thofe  whirh are moft liable ^.^''^''j^^^*^l'';j^_, 
lo  nlriolization ;  and,  on  thecontrarv,  that  thofe  which  contain  ic.n  (uiphuc  m 
lie  Urgpft  proportion,  are  the  leaft  ajfe^ed  by  ihe  air  or """ '"'"'' " 
weaibrr.'f-    Tliii  opinion  of  ihe  learned  profelliir,  by  iio  means 
■rcocd*  with  fuch  obfervatium  ai  I  have  been  able  lo  make;  lor 
tfce  cubic,  dodecacdrsl,  and  other  regularly  cry llalliaed  pynle?, 
«rc  liable  lo  oxidizement,  fo  as  to  become  what  arc  called 
VpBiic  iron  ore«,  but  not  lo  vitriolizaiiun ;  whilH  ihe  radiated 
pfrtlei  [at  (eaft  ihofeof  ihi^  coiin(rj)  are  by  much  ihe  moft 
EriijeS  lo  the  latter  effed;  and  Ihcretore,  ai  Ihe  refiilts  of  ihe 
■nalyf<?t  (liow  ihal  the  cryDallized  pyrilcs  conlain 
I  fslpbur  than  the  radiated  pyrites,  J  might  be  induced  lo 
lioft  the  contrary  opinion.     Bui  I  am  inclined  to  attribute  the 
~     Iriolization  obfeived  in  fome  of  the  pyrilei,  not  fo 
■uctt  10  the  proportion,  as  lo  the  ilatc  of  the  fulphur  in  ihe 
mpwiMll  for  I  much  fufpefl.  that  a  predil'purilion  to  vilrio-^"*  '^'t  ^'^^ 
atiun,  in  thefepyrttet,  is  produced  b>  a  fmall  portion  otoxygen  tit°»  Jliftl  n^ 
riiij  prevJouOy  combined  with  a  part,  or  with  the  general  msf(,>CDninKncc- 

•  yrniMfA  Plji^pte,  Tome  LIV.  p.  ys.  ***"■ 

f  Jtvaaldt  Ptifi^Mt,  Tome  LIII.  p.  91. 
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of  the  fulphur,  at  the  (ime  of  the  original  formation  of  thefe 
fubHancesy  (o  that  the  flate  of  the  fulphur  is  tending  to  (hat  of 
oxide,  and  thus  the  acceffion  of  a  farther  addition  of  oxygen 
becomes  facilitated.  We  have  an  example  of  iimilar  effedls  in 
phofphoruSf  when  (as  is  commonly  faid)  it  is  half  burned,  for 
tile  purpofe  of  preparing  (he  phofphorus  bottles ;  and  the  pro* 
penfity  to  vitriclization^  obferved  in  many  of  the  half-roaAed 
fulphureous  ores,  appear<i  to  me  to  arife  from  (his  caufe,  rather 
than  from  the  mere  diminution  of  the  original  proportion  of 
fulphur,  or  tlie  actual  immediate  converfion  of  part  of  it  into 
fulphuric  acid ;  nevcrthelefs,  I  offer  this  opinion,  at  prefent, 
only  as  a  probable  conjecture,  which  may  be  invefligated  by 
future  experiments  and.obfervationt. 
The  magnetical  ;  The  magnet ical  properties  of  (he  fulphuret  of  iron  which 
lurhuretis  a*  *^^''n**  ^^^  principal  fubjedl  of  this  Paper,  muft  be  regarded  as  a 
stmarkable  fa6l>  remarkable  fa6t ;  for  I  have  not  found,  in  (he  various  publica* 
tions  on  magnetifm  which  I  have  had  the  means  of  confuUing, 
even  (he  mofl  remote  hint,  (hat  iron  when  combined  with  ful- 
phur, is  potTeflfed  of  the  power  of  receiving  and  retaining  the 
magnetic  fluid ;  and,  judging  by  (he  proper(ies  of  common 
pyrites,  we  might  have  fuppofed  that  fulphur  annihilated  this 
power  in  iron,  as  indeed  feem^  to  have  been  the  opinion  of 
mineralogies,  who  have  never  enumerated  magnetical  atlrao 
tion  amongft  the  phylical  properties  of  thofe  bodies;  and, 
although  Werner,  Widenmann,  Emmerling,  and  Brochant, 
ritt!e or  fcarcely  have  arranged  the  magnetical  pyrites  with  the  fulphurets  of 
noticed.  jfon,  yet  (he  magnetical  property  could  not  with  certainty  be 

dated  as  inherent  in  the  fulphuret,  for,  at  that  time,  this  fub* 
ftance  had  not  been  fubje^ed  to  a  regular  chemical  analyiis, 
and  (he  magnetical  property  might  therefore  be  fufpedted  to 
'  arife  from  interfperied  particles  of  (he  common  magnetical  iron 
ore.     This  probably  has  been  (he  opinion  of  the  Abb6  Haiiy  ; 
for,  in  his  extenfive  Treat ife  on  Mineralogy -lately  publiihed,  I 
cannot  find  any  mention  made  of  the  magnetical  pyrites,  either 
amongftthe  iulphurcls  or  amongfl  the  other  ores  of  iron. 
Tbf  fn;igne':  faid      In  the  mineral  kingdom,  a  great  variety  of  fubflancest  and 
toconfift  of  iron  ^^gj^  ^^^^^  q£  ^^^  gems,  cxcrt  a  feeble  degree  of  attraction  on 

WlthlOloaO  .  7  jr.  ir  •  n-     I       J 

oxifen.  ^he  magnetic  needle,  and  lometimes  alio  acquire  a  llight  degree 

of  polarity  ;  *  but,  as  this  wonderful  property  has  only  been 

*  Cayallo  on  Magnetirm,    page  73. 

obferved 
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obTenred  oonfpicuoQfl  j  powerful  in  one  fpecien  of  iron  ore,  thii 
ha<  been  always  emphaticiUy  called  the  Magnet,  *  and  u  faid 
to  confid  of  metallic  iron  combined  with  i'rom  10  to  20  per 
of  oxyi^n. 


FroiD  the  faA«,  however,  which  have  been  recently  fiated.  The  folpharet 
we  now  find  that  there  is  another  natural  I'ubftance,  ap|nirently  i^^^  ^^ 
very  different  from  the  magnet  in  chemical  compoiitiony  but 
Kv^^rlhelefs  approaching  very  nearly  to  it  in  power^  which  if 
f'Hin'H  in  feveral  partft  of  our  globe,  and  particularly  in  a  pro* 
Tince  nf  lhi<  kingdom,  where  it  conflitutes  a  vein,  running 
north  and  fouth,  of  a  confiderable  extent,  and  feveral  yards  in 
width  and  thicknefn. 

From  the  experiments  alfo,  which  have  been  made  on  the  The  phofpJiwtt 
artificial  preparation  oft  this  fubHance,  we  find,  that  it  is  capable  "^ 
01*  receiving  the  magnetic  properties  when  the  proportion  of 
fulphur  amoants  to  57  per  cent,  and  is  ftill  powerfully  attraded 
when  a  much  larger  quantity  of  fulphur  is  prefent.     There 
is,  however,  fome  point  at  which  all  thefe  effedls  ceafe,  and 
Ibis  point  appears  tobe»  when  the  fulphur  is  in  fome  proportion 
between  4o  or  46  and  32  per  cent.    The  preceding  experiments 
have  alfo  proved,  that  iron  when  combined  with  phofphonis, 
likewife  poflelfes  the  power  of  becoming  a  magnet  to  a  very 
remarkable  degree;  and,  by  the  fimilarity,  in  (his  refped*  of  the 
carburet  of  iron  called  Aeel,  to  the  above  fulphuret  and  phof* 
piiuret,  a  very  remarkable  analogy  is  eiiabliOied  between  the 
effods  produced  on  iron,  by  carbon,  fulphur,  and   phofpho- 
nis. 

Carbon,  when  combined  in  a  very  large  proportion  with  iron,  of  carb«rfts, 
fbrro^  the  carburet  of  (hat  me(al  called  plumbago;  a  brittle P*""^^.g<>  "  "^ 
fubllance,  infoluble  in  muria(ic  acid,  and  defHlutc  of  magnc- othe|.  ^^^  ^o,. 
tical  properties.     But,  fmaller  pruporiions  of  carbon,  with  (he  pounds  form p«r^ 
fiiroe  metal,  conflitute  the  various  carbarets  included  between^  **  nwgaet . 
black  caA  iron  and  foft  cad  flcel;t  bodies  which  are  more  or 

*  In  a  future  Paper,  ic  is  my  intention  to  give  an  account  af 
fome  cam|Yirative  analyfes  of  the  varieties  of  this  riih(!ance. 

f  •*  When  the  carbon  exceeds,  tbe  compound  is  carburet  of  iron 
*<  or  plumbago :  when  the  iron  exceeds,  the  compound  is*  i^ce  1,  or 
'<  caft  iron»  in  various  ftates,  according  to  the  proportion.  All 
'<  thefe  compounds  may  be  confidered  as  fubcarburets  of  iron/*— - 
Tbomfcn^s  Syilcm  of  Chemlib-y,  Vol.  I.  p.  165. 

Mr. 
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kfs  brittle,  (blable  in  muriatic  acid,  and  more  or  lefs  fafceptible 
of  magoetical  impregnation;  fome  of  them  form  the  moil 
powerfttl  magnets  hitherto  difcovered. 
Salphiir  and  lion  Sulphur,  in  like  manner,  combines  with  iron  in  a  large  pro- 
^i!L5****'  ***"  portion,  forming  the  common  pyrites,  which  are  brittle,  almoft 
or  quite  infblubie  in  muriatic  acid,  and  devoid  of  magnetical 
properties.  Sulphur  in  fmaller  proportions,  forms  fulpharett 
which  are  alfo  brittle,  but  are  foluble  in  muriatic  acid,  and 
Urongly  fuiceptible  of  magnetical  impregnation. 
So  likewife  '  Phofphorus  alfo,  when  combined  with  iron,  makes  it  brittle, 
phoCpboffuf  and  and  enables  it  powerfully  to  receive  and  retain  the  magnetical 
properties;  fo  that,  coniidering  the  great  fimilarity  which  pre^* 
vails  in  other  refpe6lft,  it  may  not  feem  rafli  to  conclude,  that 
phofphorus  (like  carbon  and  fulphur,.)  when  combined  witb 
iron  in  a  very  large  proportion,  may  form  a  fubftance  incapable 
of  becoming  magnetical,  although,  in  fmaUer  proportion,  (as 
we  have  feen,)  it  conftitutes  compounds  which  are  not  only 
capable  of  receiving,  but  alfo  of  retaining,  the  magnetical  pro* 
perties,  even  fo  far  as,  in  fome  cafes,  to  feem  likely  to  form 
loag^ets  of  great  power ;  and,  fpeaking  generally  of  the  car- 
burets, fulphurets,  and  phofphurets  of  iron,  I  have  no  doubt  bat 
that,  by  accurate  experiments,  we  (hall  find  that  a  certain  pro* 
portion  of  the  ingredients  of  each,  conftitutes  a  maximum  in  the 
magnetical  power  of  thefe  three  bodies.  When  this  maximum 
has  been  afcertained,  it  would  be  proper  to  con^pare  the  rehitive 
magnetical  power  of  (leel  (which  hitherto  has  alone  been  em- 
Mr.  Maihet,  in  the  following  Table,  exhibits  the  proportion  of 
charcoal  which  difappeared,  during  the  converiion  of  iron  to  the 
different  varieties  of  fubcarburet  known  in  commerce. 


«  Charcoal  abforbed.  Refult. 

-    Soft  caa  Heel. 

•    Common  caft  fleel. 


I 

riv    • 
^     .        •        -    The  fame,  but  harder. 

^  -  •  •  The  fame,  too  hard  for  drawing. 

^  -  -  -  White  caft  iron. 

^■^  -  -  •  Mottled  cad  iron.                     «. 

^  •  -  <-  Black  caft  iron. 

<*  When  the  carbon  amounts  to  about  ^^  of  the  whole  maft,  the 
"  hardnefs  is  at  the  maximum."  Thomfon,  Vol.  I.  p.  166 1  an^ 
Phil.  Magazine,  Vol.  XIII.  pp.  142  and  HI. 

ployed 
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form  artificial  mafrnel!)  with  thai  or  Tulpliurct  and 
irc*  of  iron;  eachhttng  firft  examined  in  the  form  of" a 
at  box  a(  equa!  weight,  and  afterwards  in  itic  fiale 
nd  magnets,  fonncd  like  ihc  large  linrfe-llioe  mag- 
Wt).  by  the  rc)>3rate  arrangemcnl  of  an  e<]ual  Hiimber  of  bars 
4  Uie  fame  fubflaree  in  a  bov  of  brafV. 

Tbe  div£ls  of  IIjc  ahove  vompound  magneli  fliouW  ihen  be  A«  o 
Iried  apinfl  othon,  compofed  of  bars  of  I  lie  lliree  diderenl''°'^  ' 
UAancei,  vanous  in  number,  and  in  ihe  mode  of  airange- mi  in 
isotti  kod,  tadly,  it  would  be  inlcreding  to  make  a  feiiex  of 
fxperiioenit  on  c-homical  cumpounds  formed  by  uniting  diScr- 
CM  prDpMlians  of  carbon,  fulphur,  and  pHofphorus,  with  one 
wd  the  feme  m*f>  of  iron,  Thefe  quadruple  compoucds, 
«b(cb,  according  to  the  modern  chemical  nomenclature,  may 
kealled  cuburo-fulpliuro  phofphureH,or  pliorpliuro-fulphuro- 
orinrels.  Sic.  of  iron,  are  a<  yel  unknown  as  to  their  chemi- 
cal propertiei,  and  mayalfo,  bv  the  invefligalron  of  their  raag- 
Klical  properties,  afford  fome  curious  refults.  At  any  rale, 
an  unexplored  iield  of  exlentj  ire  refearch  appears  to  be  opened, 
Mbich  poRibiy  may  furnifli  important  additions  lo  the  hiflor^  of 
■a^etifin,  a  bivich  of  fciencc  which  of  late  years  has  been 
bat  little  aagmenied,  and  which,  amidfl  the  prefent  rapid  pro- 
grH'i  of  hucnari  knowledge,  remains  iiumerfed  in  conliderable 
obfcuritjr. 


£straft^«  Manoir  of  Mr.  Eumav,  mtitteit  Ohfircatioru  aai 
Owtbu  concerning  Atnipjpheric  Eledricily. 

(Concludtd  fram  p>  joo,  VsL  X.) 

A V  deflTometer  fumithed  with  a  rod  three  feet  in  length,  T 
■od  placed  inihe  open  air,  does  not  Ilicw  any  divergence;  but'" 
«lien  (he  bent  point  of  another  eleflromeler,  which  alfo  ex-vi 
^ibtn  oo  divergence,  is  moved  above  the  tirft,  and  even  when  "" 
Uic  niotiun  14  parallel  to  the  horizon,  lite  leaves  of  the  latter 
■  ill  be  feen  to  diverge  negatively,  without  the  fecoiid  giving 
aoy  figfi  of  eleflticily. 

It  ii  very  probable  thai  tbe  effefl  of  ihtfe  vaponroo^  and 
rieorolngical  malTei  it  mantfellcd  at  the  points  u(  the 
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eledlromcter,  by  this  fame  a6lIon,  which  depends  on  the  divifion 

of  (he  e]e6lricit)',  and  this  explains  the  fudden  changes  which 

fupervene  in  ihe  pofitive  or  negative  eledric  (late  of  (he  earth : 

it  is  not  ei'en  probable  that  the  clouds  poflfefs  in  (hemfelves  a 

negative  ele^Uictty,  or  that  the  vapours  of  water  fliould  be 

Thepofitive  or  always  in  this  Aate.     Mr.  Erraan  thinks  he  can  prove  that  the 

negative  ftatc  w  vapours  of  water  are  only  netrative  when  the  body  from  which 

fkpeads  on  in*    they  proceed  is  infulated ;  but  that  they  become  poutive  as  foon 

P'^^^^'^  as  it  is  brought  into  contadl  with  the  earth.    Rain,  after  its  fall, 

leaves  bodies  in  the  Hate  of  minus  ele^ricity,  which  is  agreeable 

to  .the  preceding  experiments;  fnow  produces  this  effedl  (o 

much  the  beller,  as  it  leaves  the  furrounding  air  in  a  (late  of 

drynefi,  which  augments  its  iofulating  properties. 

Influence  of  the      The  clouds  wiiich  have  a  tendency  to  rain  or  fnow  muil  nc- 

doudf  on  the      ceflafily  produce  their  influence  on  the  ground,  and  it  is  for  this 

reafon  (hat  the  oppofition  of  the  cloud  and  the  ground  is  fo 

quickly  manifeded.     It  would  be  interelling  to  explain   the 

complication  ariling  from  the  varia(ions  which  the  eledricity 

of  the  earth  undergoes,  as  well  with  refpeA  to  its  fpecies 

a<i  to  its  intenilty,  and  Mr.  Erman  is  at  prefcnt  engaged  in  this 

fubjecl. 

The  different         With  refpcft  to  the  variable  degree  of  the  poiilive  divergence 

phenomena  of    ^f  ^^  infulatcd  point  fixed  in  (he  ear(h,  it  may  perhaps  be  a(- 

tlie  divcrEcnce  '  j   *  t 

of  an  infulated    tribuled  to  the  greater  or  lefs  conducing  quality  of  the  fur- 
S*°K/(r^'*'T^   rounding  air :  (he  point,  when  it  is  very  well  infulated  from 
'the  earth»  fliows  a  certain  degree  of  pofitive  charge  when  iY^ 
air  is  infulated  fo  that  elcdricity  cannot  be  communicated  to 
it ;  it  (hows  zero  when  the  condudting  power  of  the  air  is  near- 
ly equal  to  the  rapidity  with  which  the  charge  is  made  ;  ancl 
negative  when  tliis  power  is  very  Arong.     Thefe  phenomena 
arc  thus  explained  by  the  fame  law, 
ProWibility  that      Mr.  Erman  has  alfo  fuppofed  in  his  memoir  that  there  is  not 
'J*^.'*."'*/'*f  any  quantity  of  eiedtricily  difengaged  in  the  atmofphere;  bat 
atraoiplierc.       be  does  not  however  aflert  that  this  is  ftridly  the  cafe :  he  has 
only  fought  to  draw  the  attention  of  philofophers  to  this  fubjed, 
and  to  iliow  that  thefe  phenomena  are  equally  well  explained 
by  the  fphere  of  adiivity  of  the  eledlricity. 
Ciwremcnce of       The  experiments  are  very  eafily  made,  and  the  eledlrometers 
tiieinftrumcnu. he  ufes  are  very  portable;  for  when  the  leaves  of  gold  are 
placed  on  one  fide  of  the  cylinder,  motion  cannot  occation 
tny  accident.    With  refped  to  the  dicks,  they  may  be  made  qf 

(everal 


•  • 


tetenl  pieces,  ami  be  fcrewed  together  when  they  are  v^anted* 
Sacb  were  the  inftrunients  Mr.  Erman  took  with  him  over  fe-* 
veial  bandrejd  leaguers ;  the  ftick  was  three  h'nes  in  diameter 
It  one  end,  and  one  line  at  the  other.  Thisphllofopher  does 
not  yet  know  what  may  be  the  inflaence  of  the  diflferent  thick-* 
oefs  of  lire  condndor.  One  of  thefe  condudlors  happened  to 
be  of  brafs,  ihe  other  of  fleel ;  it  did  not  appear  to  him  that 
Uw  difTerence  of  the  metal  occafioned  any  in  the  refults.  But 
he  parpofes  making  new  enquiries  on  this  rubje6t. 

Mr.  Erman  offers  his  concluiions  with  great  diffidence:  he 
does  not  pretend  to  have  formed  a  new  theory,  but  only  to  l!ate 
his  doubts  on  Ihe  opinion  of  thofc  philofophers  who  have  attri* 
buied  the  phenomena  hitherto  obferved  to  a  difengaged  eleCA> 
tridty  in  the  atmofphere.  He  notices  feverai  other  interefling 
esperiments  which  he  is  employed  in  making  upon  fmoke,  and 
particolarly  on  ele^ricity  in  a  vacuum.  We  (hall  haflen 
to  pobliih  the  refults  of  them  as  foon  as  they  come  to  hand* 


IV. 

Dtjlripliott  qf  a  Cwnpcnjbiioti  Curb.    By  Mr,  James  Scott. 

To  Mr.  NICHOLSON. 

Inclosed  I  fend  you  a  (ketch  of  an  inflrument  I  have  In^o<J«»^«T 
conflru^ed,  much  wanted  in  the  profeffion  of  watchmaking,  *  ^'* 
for  the  purpofe  of  publiQiing  in  your  Philofophical  Journal^ 
which  I  prefume  will  be  of  much  benefit  to  the  public,  and 
at  the  ianie  time  may  prevent  any  other  perfon  from  claiming  it. 

I  (hall  call  it  a  compenfation  curb.  The  condrudlion  of 
thb  iniirament  is  for  the  purpofe  of  expanding  and  contrafling 
in  the  different  temperatures^  fo  as  (o  counteract  the  errot 
which  the  pendulum-fpring  is  liable  to  by  the  fmalleft  variation 
of  heat  or  cold. 

The  inventions  that  have  hitherto  been  put  ih  pra6!ice  for 
the  fame  purpofe,  I  beg  leave  to  make  a  few  remarks  on.— 
The  compound  balance,  when  carefully  made  and  adjured, 
is  certainly  a  very  complete  counteracting  expantion^  and  will 
anfwer  exceedingly  well  on  board  a  (hip,  if  there  be  no  ma* 
terial  ditTerence  intbe  denfity  of  the  air ;  if  otherwile,  the  ba- 

C  2  lancf 
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knee  being  loaded^  will  have  to  enpounter  « >con6der«bIe 
deal  more  fridion,  aod  cotifequently  be  impeded  in  i(t  vibra- 
tions :  i(  worn  in  llie  pocket,  it  is  alfo  liable  to  error,  as  ex*> 
ercire  will  alter  its  diameter.  The  compound  balance  hat 
heretofore  got  the  preference,  becauie  artiOs  have  not  been 
able  to  invent  a  compenfation  curb  adjuftable  to  the  exad  ex*- 
panfion  required  (which,  by  many  expenftients,  I  have  proved 
the  inclofed  to  be  fully  competent  to) ;  therefore,  tlie  plain  ba4> 
lance  having  no  projedions  on  the  furface^  mud  cehainly  have 
the  advantage.  As  I  am  not  in  the  habit  of  expreffing  my 
ideas  to  the  public,  I  hope  you  will  have  the  goodnefs  to  rec<^ 
tify  any  errors  in  the  flile,  and  alio  curtail  any  part  which  may 
appear  unneceflary  to  you. 

I  remain,  Sir, 

Your  much  obliged  humble  fervant, 

JAMES   SCOTT. 
59,  Grafton  Slreet,  Dublin. 

The  following  is  a  Defcription  of  the  Compenfation  Curb, 

Defcription  of  The  (leel  index,  PL  J  I.  Fig.  2,  letter  A,  is  for  the  purpofe  of 
a^pefliktioa  fopporiing  tlie  curb,  which  is  faftened  by  a  fcrew  and  ftcady  pin 
at  R,  the  circle  of  which  at  A  is  turned  with  a  dovetail,  as  (hewn 
at  H,  and  is  flit  fo  as  to  fnap  into  the  frame- plate,  by  which 
means  it  may  be  turned,  and  will  carry  the  curb,  fo  as  to  re- 
gulacte  the  machine  in  the  common  way.  D  and  £  are  two 
circles  compofed  of  brafs  and  fleei  foldered  together,  the  out- 
fide  of  £  brafs  and  the  infide  fteel ;  but  the  outiide  of  D  is 
ileel  and  the  infide  brafs ;  fo  that  the  one  circle  expands  when 
the  other  contrads ;  by  which  means  the  a^ing  part  of  the 
curb  at  C  will  (hift  towards  the  index  with  heat,  and  prevent 
(he  vibrations  being  (lower,  which  the  expanfion  of  P,  the 
regulating  fpring  and  the  balance,  would  otherwife  occasion  ; 
and  on  the  contrary  with  cold,  it  will  Ihift  its  portion  nearer 
the  ftud  I,  which  the  regulating  fpring  is  pinned  to ;  (b  that 
let  it  receive  heat  or  cold,  the  adling  part  of  the  curb  at  C 
will  at  all  times  keep  the  regulating  fpring  the  exad  length, 
to  counterad  the  expanfion  of  the  balance  and  pendulum- 
fpring.  V  is  a  piece  o^  fteel,  with  a  notch  cut  in  it  to  receive 
the  expanfion  circles  D  and  £.  F  is  a  fcrew  for  failening 
y  at  any  part  pf  the  circles;  fothat,  by  (loving  ihe  watch » 
5  yon 
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yoDwiH  imincdiaHbly  afeertain  towards  what  part  of  fhe  circles  Ddcriptioaof  i 

▼oa  mail  Ihift  V.     If  yoo  find  its  rate  flow  with  heat,  joo  ^P«>^««» 

naft  (hiit  V  to  lengthen  joor  circles  and  if  M,  the  contrary ; 

and  by  marktng  your  circles  each  time  yoa  have  occafion  to 

lalt  V,  yon  will  be  enabled  to  adjuft  the  curb  to  the  exa6l 

cxpaBficm  required.     W  is  a  loofe  piece  of  fieel,  which  fits 

in  the  notch  of  V  between  the  two  expanfion  circles  to  keep 

tiiem  faft  in  tbeir  proper  pofitions  when  fcrewed  by  F.     S  S 

are  two  ileady  pins  made  M  in  the  frame-plate,  which  re- 

ceire  the  cirde  £  between  them  (o  prevent  the  aftion  of  P, 

the  refrnlmting  fpring,  from  affeding  C,  the  curb,  by  moving 

it  to  or  from  the  center  during  the  going  of  the  watch.    The 

two  expanfion  circles  require  to  be  made  very  delicate;  it  is 

therefore  to  be  obt'erved  by  the  manufa^urer  of  this  inftrument^ 

that  the  brafs  in  each  circle  is  to  be  .the  thicknefs  of  the  (leel ; 

&i  that  when  the  two  bodies  are  foldered  together,  they  will 

make  two  thicknelFes  of  the  edge  of  a  main-fpring  of  a  watch. 

The  larger  your  watch  will  admit  the  diameter  of  the  curb, 

the  better.     It  mud  be  at  leaft  the  fize  of  the  balance. 

{  *■  •         ■  ■  ■  ■■  ..  a 

V. 

Z^ter  from  Mr,  Boswelli  in  Anficer  to  An  Old  Corr£« 

SFONDENT. 

To  Mr.  NICHOLSON. 
SIR,  April  10,  1805. 

X  HE  perfon  figning^our  Old  Correjpondentf  has  thrown  fome  Mr.  Bofwetl 

▼ery  nndeferved  reflexions  on  my  lafl  commanlcation  in  your  T*JJ!*!5*^"  '**°lr 
'  T  '         lelf  from  cona* 

Joonnu.  dence. 

In  anfwer  to  his  remarks,  I  beg  leave  to  obferve  that  the 
introdudion  to  my  paper  contains  fuflicient  to  jnflify  me  fully 
(iron  his  imputations. 

I  have  there  aflTerted  no  more  than  that  '<  I  have  difcovered 
''  a  method  of  commg  fo  near  the  truth,  that  fliould  it  turn 
"  out  to  be  in  realit/»or yb  exa6t  as  appears  to  me,  yet  it  pro- 
**  miles  to  be  fb  ufeful  for  comtnon  computations  that  I  am 
<<  induced  to  fend  it  for  publication^  if  you  approve  of  it." 

1  know 
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HU  methods 
vrerr  dated  m 
murly  afpnaeb* 


Konft  of  the 
quadratures  of 
thf  ciicle  ars 
more  than  aj>- 
ptoxiipatjons. 
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I  know  not.  Sir,  how  I  could  have  written  in  any  way 
farther  from  "  announcing  my  difcovery  with  confidence" 
ilian  the  above,  or  indeed  with  more  diffidence. 

n  tlie  firft  place,  I  ftale  it  only  a«  a  near  approach  to  the 
exad  truth,  which  both  your  and  his  criticif'ms  have  fully 
proved  it  to  be :  In  the  next  place,  I  expref^  my  doubt  of 
its  being  even  fo  exaA  as  it  appears  to  me:  And  thirdly,  I 
have  left  its  pubKcation  to  depend  on  your  approbation. 

If  this  is  not  enough  to  remove  all  fufplcion  of  confidence, 
I  have  to  add,  that  the  fentence  which  concludes  that  fubjed^ 
in  the  paper,  dates,  that  an  unperceived  error  might  arife 
from  the  fmallnefs  of  the  circles  which  I  ufed;  and  betides 
this  you  can  teflify  for  me,  that  I  wiflied  the  paper  to  be  fup- 
prefTed  altogether  before  publication,  when  you  (hewed  me 
that  it  even  wanted  an  hundredth  part  of  being  exa6t,  though 
with  a  much  greater  inaccuracy  the  matter  contained  in  it 
would  be  ufeful  for  the  pucpofes  to  which  I  Haled  it  might 
be  applied. 

As  to  the  proof  of  the  fccond  fa6t,  it  wa^  not  from  the 
"  conviflion  of  its  obvious  accuracy  not  requiring  proot" 
that  I  did  not  infert  any,  but  becaufe  I  concluded  it  muft  bo 
fufiiciently  obvious  after  what  I  had  Hated  of  tho  firff,  (hat  it 
was  the  fame  fort  of  exptr mental  proof  I  had  ulcd  for  both  : 
And  if  any  gentleman  will  try  the  rxpcriiiicut  as  1  did,  h<; 
will  find  I  have  not  misftatcd  the  maltiT. 

There  may  indeed  In?  fonie  little  in»propricly  in  ufing  the 
word  f(i6t  in  a  popular  fenfc,  in  any  thing  like  a  malhema- 
tical  datcmcn'. ;  but  to  notice  fuch  a  trifle  with  inverted 
commas,  only  appears  to  indicate  a  Ipirit  of  cavilling  on  the 
part  of  your  Old  Correlpondent. 

But  with  all  his  prccifion  he  has  forgot  one  f.id,  (hat  put^ 
his  computations  more  on  a  level  with  my  experiments,  which 
is,  thai  no  method  has  ever  yet  be(?n  dilcovered  of  computing 
with  ptrjetl  exadncfs  the  relative  proportions  of  the  circum- 
ference to  the  diameter,  and  of  coqrfe  to  the  other  lines  he 
mentions ;  and  that  it  is  only  a  far-Iaboured  approximation  to 
the  truth  ihat  has  been  infertcd  in  the  work  from  whence  he 
has  exlraded  the  proportions  which  he  has  ufedj  and  that 
therefore  what  he  has  **  announced  v\ith  fo  much  confi- 
«*  dcnce,"  (to  ufe  his  own  words)  is  not  precifely  demondra^ 
tive  trulh^  but  only  an  approach  to  it« 

I  di4 
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I  did  not  ever  intend  to  recommend  my  method  as  a  p^rfe£lMr.  B.',  ne* 

.  •  e  t.-t  <  •■11  1.     « 1  I  thod«  h«?e  prac* 

and  ifiialliDle    f(eometrical  problem  applicable   to  the  morC|-,^  utiUc^. 

(abRiae  mathematical  fpeculationii,  but  as  a  more  ready,  and^ 

pcnnit  me  to  add,  more  exadl  way  tlian  that  in  general  ufe, 

t«  the  humbler  purpofes  of  common  life,  fuch  a«  meafuring 

mod  limber,  conduit  pipes,  engine  cylinders,  &c. 

I  am,  &c. 

J.  WHITLEY  BOSWELU 


VI. 

Dejlripiion  of  am  improved  Gate  for  Fields,    Bjf  Mr,  Charles 

Waistell  *. 
Dear  Sir, 

1  HE  various  methods  ufed  In  bracing  common  gates  for 
fields,  prove  that  not  one  of  them  is  greatly  fuperior  to  the 
reft ;  for,  if  it  was,  that  method  would  have  been  generally 
adopted.     Mod  gates  are  loaded  with  fiiperfluous  timber  in  ImperfeAlont  of 
fome  of  their  pan*,  and  are  conflruAed  upon  fuch  bad  princi-*""*™^**^"' 
pies,  that  ihey  are  frequently  broken  by  their  own  weight, 
aided   by  the  concuHion  of  the  head  againfl  the  falling-pod; 
and  this,  long  before  any  part  of  the  wood  has  begun  to  decay. 
I  have  for  fome  time  given  this  fubjcd  contiderable  attention, 
being  imprefled  with  the  idea,  that  if  common  gates  could  be  Great  filing  in 
conftrucled  with  Icfs  timber,  and  upon  better -principles,  ^he^'"™      ^^^J^]^^ 
faving  of  timber  only  would  bs  of  national  importance;  for cumberfone. 
vFe  have  many  millions  of  gates  to  uphold  in   Britain,  and 
their  numbers  are  annually  increafing.     The  refult  of  my  la- 
bours has  been  the  plan  which  accompanies  this  letter.     Gates  New  plan. 
made  according  to  it^  poflefs  great  drcnglh,  are  very  light,  and 
of  eafy  and  fimple  condru6lion.     Although  uniformity  of  ap- 
pearance be  not  eHTential  in  a  common  gate,  yet  is  worth  having 
when  it  can  be  obtained,  as  in  this  gale,  without  additional 
expenfe. 

My  gate  is  made  with  fliort,  and  confequently  lefs  valuable.  Account  of  tEa 

oak  or  a(h  timber,  than  thofe'of  the  coramonefi  condruftion  ;  its""*^°'**  ^' 

provemeou* 
iirength  is  much  greater  than  any  other  gate  made  with  a  like 

•  Communicnted  in  a  letter  to  Charles  Taylor,  Elq.  Secretary 

of  the  Society  of  Aii^t,  who  returned  their  thanks  for  the  fame. 

Vol.  XXJI.     Uj^. 

quantity 


qoAiftitj  of  tinber,  there  being  at  four  difiant  poinU  between 
the  bead  and  the  heel,  two  bars  and  a  brace  croffing  each  other : 
and  I  doubt  not  that  it  will  be  found  proportionably  more  du- 
rable :  it  h,  befidest  very  eafy  to  conftrud«  and  reqotret  lefii 
labour  than  moft  other  common  gates*  Twenty-nine  years  ago 
I  defigned  plans  ibr  ornamenfiil  gatet^  with  feroi-oval  and  (emi* 
circular  braces,  and  had  them  executed ;  the  plans  were  fent 
to  ny  friends  in  various  difiant  parts  of  this  kingdom*  as  alfo 
to  Ireland ;  and  I  have  the  plea  fu  re  to  obferve,  that  they  are 
become  almofl  the  only  ornamental  gate  in  many  parts  of 
England.  The  plans  of  them  I  never  publithed,  although  they 
were  prepared  for  engraving  fifteeq  years  ago ;  and  I  (hould 
be  as  indifferent  about  my  prefent  defign,  of  a  common  field 
gate,  if  I  did  not  conceive  that  its  publication  would  materially 
benefit  the  public ;  the  introdudlion  of  this  form  being,  I  con- 
ceive, of  foroe  national  importance,  as  timber  has  been  lately 
greatly  enhanced  in  price,  and  is  rapidly  on  the  advance. 

This  gate  was  defigned  for  tlie  approach  to  a  country  refi- 
dence;  but  for  common  purpofes,  the  wicket  on  one  hand, 
and  the  (hort  length  of  rails  on  the  other,  may  be  omitted.  I 
iball  ihank  you,  if  you  will  have  the  goodnefs  to  lay  my  plan 
before  your  refpe^able  Society,  of  which  I  have,  for  many 
years,  had  the  honour  to  be  a  member.  And  (l)ouId  this  plan 
be  approved  of,  I  may  probably  furnifh  fome  dedgns  for  park 
gates  on  an  improved  conflruction. 

I  am.  Dear  Sir» 

Your  vwy  humble  Servant, 

CHARLES  WAISTELL, 
March  22,  1803. 

Mr.  Charles  Taylor. 


Krftrrnce  to  the  Engrating  ef  Mr.  WaifieWs  Gaiit^ 

Dimensions. — (Plate  1  J,  Fig»  I.J 
Defciiption  and  The  heel  of  the  gate  to  be  about  S^  inches  fquare. 

2:r«w"c^'5  The  head  of  ditto        -        .        2\  by  3  inches. 

ftraaedftcM-  The  top  rail  or  bar      -        -        H  ^y  ^\  inche5. 

•»^  The  bottom   bar         -        -        3|  by  J  J  inches. 

The  bar  in  the  middle  of  the  gale  5     by  H  inches. 
The  other  bars»  and  the  4  braces  2|  by  i^  inches. 

ObfervQJtiuna 


new    flElO   0*TI.  25 

Ohjirraliora  on  its  Coajiniaion. 
The  licad  and  heel  of  llie  gale  may  be  of  oak,  and  the  bar*  DtfcriiirfiMi  mi 
■ri bncn  of  fir,  Nafruw  and  tliii t  bars,  wlien  braced  a« in it,7n''vmn. 
Ail  dcfign,  ate  firongei  ihan  btoed  and  thin  onen,  cuntaloHi^  AiudcJ  ficU- 
IfaefaaM  quwitiij  oF  liniber,  and  ihey  alfo  ojipoloa  lEUfurface*'"* 
bike  wind.  The  two  points  in  tlie  heel  uf  tlie  gate,  lo  which 
Ibe  tbimbtea  ate  faliened,  may  be  conlidered  ai  lirro  or  Axed 
fmu.  From  thde  poinit,  viz.  I  and  2.  two  brace«  lo  pro- 
ceed to  \  and  3.  in  the  middle  of  llie  boitom  and  lup  ban,  and 
bong  Ibete  fecured,  Ihefc  becorae  Axed  points,  and  from  Ihefe 
two  poinu,  viz.  4  and  J,  two  bracea  proceed  to  3  and'  ti, 
ding  Ifaufe  poinli.  The  gale  i«  (hutduuhly  braced,  via.  (tuat 
(he  lop  of  the  heel  to  llie  top  of  ihe  head,  by  means  ot  the 
brace*  I,  4,  and  i,  5  ;  and  from  the  bottom  of  (hu  heel  to  the 
hoUiom  of  (he  head,  by  meani  ot  the  brace*  2,  3,  and  3,  G. 
On  <:«ch  tide  of  the  gale  aie  two  braces,  and  ihofc  parallel 
to  each  other.  The  brace  piocecding  from  ihe  button)  of  the 
beel  of  the  gale,  and  that  which  is  parallel  to  il,  a*  aKo  the 
bottom  bar,  are  all  ilmined  in  the  way  of  coroprellion,  and 
O^  brace  proceeding  Irom  the  top  of  the  heel,  and  the  other 
brace  which  is  parallel  lo  it,  and  alfo  the  lop  bar,  are  all  llratn- 
edin  the  way  of  extension.  The  0  rain  a  in  thitgatc  being  none 
<^  litem  Iranvede,  but  all  longiiuditul,  it  would  fiipport  a 
nafi  weight  at  il>  head  withnui  having  its  form  altered.  The 
brac««  all  lerve  llic  double  purpofe  of  keeping  the  gate  in  it.i 
ime  {oim,  and  of  fhoricning  the  bearings  of  tlie  bar«,  and 
(Irengihening  them,  few  gales  have  !ef(  timber  in  thi.it 
brace*;  and  perhaps  in  no  other  way  can  a  gale  be  fo  dtmif 
braced  wilh  fo  fmall  a  quantity  of  limber. 

At  3.  *,  7,  and  8,  two  hrice*  and  a  bar  of  the  gale  aro 
finslj  fcrewed  Ingelher  by  ineani  ot  iron  pint  and  (crew  outs. 
At  (heother  points,  where  only  one  bracecrolteiabar,  comnion 
gBie-nail>  are  ufcd. 

If,  in  fome  cafes,  a  Orong  lop-bar  be  Manled,  to  refill  Iho 
prcOiiteof  lieavy  cattle,  a  bar  or  board,  about  fix  inches  bioad, 
and  Dnc  inch  thicic,  ntay  be  laid  with  its  broad  fide  apon  the 
(op  bar.  and  fixed  thereto  by  means  of  the  ends  of  the  braces 
in  (be  middle,  and  by  the  heel  and  head  of  the  gate  at  the  two 
SBdioTil.  This  board  will,  in  this  putilion,  refifl  CNafily  the 
famf 
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fame  preHTure  as  a  thick  fop  bar,  three  inches  broad,  by  four 
inches  deep,  although  it  contain  no  more  than  half  the 
timber* 

In  the  ground  plan,  or  horizontal  fe^ion,  Fig.  7.  reprefents 
a  piece  of  wood,  about  four  inches  cube,  piniied  to  the 
falling  pod,  a  little  l)elow  the  catch,  to  ftop  the  gate  firom 
fwinging  beyond  the  poft  :  another  Hop  near  the  ground  may 
be  ufeful* 

When  gates  are  hung  to  open  one  way  only,  their  beds  and 
heads  generally  reft  againft  the  hanging  and  falling  polls; 
but  when  they  are  hung  according  to  this  defign,  gates  may  bo 
made  about  one  foot  (horter  for  the  fame  opening,  and  confe* 
quently  they  muft  be  lighter^  flronger,  and  lefs  expenfive. 

Of  the  hanging  qf  Gala. 
Bm^W  of  When  the  two  hooks  in  the  hanging-pod  are  placed  in  (ho 


(ame  perpendicular  line,  a  gate,  like  a  door,  will  red  in  any 
dire^ion  in  which  it  may  be  placed.  But,  in  order  that  a  gate 
may  (but  it felf  when  thrown  open,  the  hooks  are  not  placed 
exadly  perpendicular ;  the  upper  hook  declining  a  little  to- 
wards the  falling-pod,  or  a  few  feet  beyond  it.  In  whatever 
diredlion  that  hook  declines  the  farthed,  in  the  fame  diredlion 
will  the  gate  red,  if  unobdruAed,  and  its  head  cannot  then 
£nk  any  lower.  Make  the  head  defcribe  half  a  circle,  and  it 
will  thus  have  attained  its  ntmod  elevation,  and  will  be 
equally  inclined  to  defcend  either  to  the  right  or  to  the 
lefi  ♦. 
Particular  de«  ^^^  following  method  of  fixing  the  books  and  thimbles, 
fcripiion  of  the  ^jH^  I  think,  be  found  to  anfwer  very  well  for  a  gate  that  is  in- 
Sfi^a  site.  *"^" tended  to  open  only  one  way.  Suppofing  the  face  of  the  hang- 
ing-pod to  be  fet  perpendicular,  and  the  upper  hook  driven  in 
near  its  inner  angle,  as  is  reprefented  in  the  prcceiling  defign, 
and  that  the  lower  hook  mud  be  four  feet  and  a  half  below  it ; 
fufpcnd  a  plumb-line  from  the  upper  hook,  and  at  four  feet  and  a 
half  mark  the  pod ;  then  at  one  inch  and  a  half  farther  from  the 
gateway  than  this  mark,  drive  in  the  Jower  hook ;  this  hook 
mud  project  about  half  an  inch  farther  from  the  face  of  the 
pod  than  the  upper  hook.    In  the  (ection  or  ground-plan  of  the 

•  See  Chap.  II.  of  Mr.  Parker's  Eflay  on  the  Hanging  of 
Gates;  and  alfo  the  Agricnitural  Report  for  Northumbcjland,  by 
Mcffrs.  Bailey  and  CuIIcy. 
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gate,  the  two  while  circles  near  the  hanging-poft  reprefent  Part'iculir  de- 
ibe places  of  the  two  hooks  when  brought  to  the  fame  hori-  roc^iodofhiM. 
zontal  line  ;  that  neareil  the  gateway  reprefents  the  place  of  in^  a  fate 
the  upper  hook.  A  line  drawn  through  the  middle  of  thefe 
two  circles,  and  extended  each  way,  will,  on  one  handi  re- 
prefent the  gate's  natural  line  of  red,  and,  on  the  other,  the 
line  of  its  higheft  elevation.  A  gate  thus  hung  will,  when 
thrown  open  nearly  to  the  line  of  its  highefl  elevation,  return 
to  the  falling.poll  with  a  velocity  fufficient  4o  refift  a  mode- 
rately (Irong  wind.  This  velocity  will  be  either  increafed  or 
diminifhed,  accordingly  as  the  upper  hook  declines  more  or 
kfs  from  a  pofition  perpendicular  to  the  lower  hook*  In  order 
to  adapt  the  thimbles  to  thefe  hooks ; — as  the  lower  hook  is 
one  inch  and  a  half  farther  from  the  gateway  than  the  upper 
hook,  the  lower  thimble  mud  have  its  eye  an  inch  and  a  half 
farther  from  the  heel  of  the  gate  than  the  eye  of  the  upper 
thimble,  in  order  that  the  bars  of  the  gate  may  be  in  a  hori- 
zontal pofition  when  it  is  (Imt.  And,  as  the  u^per  hook  pro-  , 
jeds  half  an  inch  lefs  from  the  hanging-pofl  than  the  lower 
kook»  the  upper  thimble  fhould  be  fixed  half  an  inch  nearer 
the  farther  fide  of  the  heel  of  the  gate  than  the  lower  thimble, 
in  order  that  the  gate  may  be  in  a  perpendicular  pofition  when 
Ihut.  If  the  thimbles  have  firaps  embracing  the  heel  of  the 
gate,  and  proceeding  a  few  inches  along  each  fide  of  the  bot- 
tom and  top  bars,  and  if  they  are  fixed  to  the  heel  bars  and 
Ijraces,  by  means  of  iron  pins  and  fcrew  nuts,  great  firmnefs 
will  be  given  to  the  gafe  at  thofe  two  points,  which  are  thofe 
that  fuffcr  the  greatefi  drains. 

*^*  To  this  communication  are  annexed  a  certificate  from 
Mr.  Edward  Sirapfon  of  Wooden  Croft  Lodge,  near  Barnard 
CaHIe,  in  favour  of  the  advantage  of  thefe  gates  in  faving  and 
dural^ility  ;  and  alfo  a  ItJtter  from  Mr.  T.  N.  Parker,  author 
of  a  well-knowoTreatife  on  the  hanging  of  Gates,  cxpreffing 
his  approbation  of  the  faoQe, 
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Dcjtription  qfan  imp  roved  Gun- Lock,  by  Mr.  GeorceDood.* 

T 

Defmpdonof  -i- HE  figures  \n  Plate  J.  reprefent  Mr.  Dodd'»  improved 
"""Sk**?  gun-lock  with  its  parts  in  their  feveral  (ilualions  and  pofilions. 
fderencetothc  The  (haded  drawing.  Fig.  1.  reprefenls  the  exterior  parts  of 
Amog^  the  lock;  and  Fig,  2.  reprefeots  its  interior.     Fig,  6.  exhibits, 

in  perfpeflivey  the  tumbler,  the  fear  and  the  fear  fpring  in 
the  pofition  of  whole  cock.  The  outline  plans  3,  4  and  5 
ftiew  the  feveral  portions  of  the  parts,  at  full  cock,  half  cock, 
and  immediately  after  the  difcharge.  The  tumbler  A  termi- 
nates on  tlie  lower  Me  in  a  tail,  as  ufual;  upon  which  the  main 
fpring  ads:  but,  on  the  upper  or  oppofile  (ide»  it  is  formed 
fo  as  to  ha^'e  two  notches  or  bents,  one  very  deep  for  the  half 
cock,  and  the  other  fhallower  for  the  yfhoia  cock,  as  is  feen  in 
the  figures.  The  circle  a.  Fig,  3,  fuppofed  to  be  defcribed 
by  tin:  extremity  of  the  bearing  face  of  the  tumbler  at  whole 
cock,  is  larger  than  that  through  which  the  extremity  of  the 
bearing  face  of  half  cock  pafles,  fee  Fig,  5.  and  the  center  of 
(he  fear  B  is  placed  in  the  outer  of  thefe  two  circles,  having 
the  under  fide  of  its  nofe  fafhioned  in  the  arc  of  the  circle  b  b, 
defcribed  by  the  motion  of  its  extremity.  The  bearing  furfaces 
of  the  bents  or  notches  of  half  and  of  whole  cock  are  made 
to  fit  this  face;  or,  in  other  words,  they  form  parts  of  the 
fame  circle,  when  refpedively  at  whole  or  half  cock.  D  is 
the  trigger,  fo  formed  and  placed  that,  at  whole  cock  it  trips 
or  draws  out  the  fear,  with  great  facility  and  qutcknefs,  by  the 
action  of  an  inner  flope  or  face  lying  in  the  diredion  of  a  ra- 
dius of  the  circle  it  defcribes;  (fee  Fig.  4-.)  But  when  at  half 
cock*  Fig.  3,  its  ad  ion,  by  means  of  an  outer  flope  or  furfacc 
(which  lies  intermediate  between  radiiidruwn  from  the  centers 
of  the  fear  and  of  the  trigger  to  the  inner  point  of  their  con- 
tad)  is  fo  far  from  difcharging  the  motion,  that  it  tends  to  keep 
the  fear  more  flrongly  in  its  place.  Thefe  adionsaud  proper* 
ties  are  fufficiently  evident  from  the  figures* 
Imnneraiion  of  The  advantages  of  this  lock  are,  1 .  It  is  fully  as  fimple  in  its 
the  gocd  quaii-  confirudion,  or  rather  morefo,  than  the  common  lock,  and  is 
».e»        IS  oc  •  jj^^f^jjQje  no  lefs  cheap  and  eafy  to  be  cleaned  by  a  common 

#  From  tke  Tranfadions  of  the  Society  of  Arts  for  1804. 
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b^CcT  ortrnrkmn:  2.  It  is  (Urdnrgeil  very  fpMJili',  ami 
n«n»t  piAfMy  raich  (irhan^al  the  half  cock  in  theaanf  di(- 
Aifjpnj;:  3, The  bearing  pirti  at  half  cock  we  exltemely 
Bi<w*  and  cannot  tnira  their  hold  or  be  thrown  out  of  taking 
y  Mjr  accident.  In  partjpubr  the  trigger  cannot  be  nwdc  ta 
mna<re  the  f«ar;  becaufc  il.<s  aflion  at  half  cock  is  in  llic  con- 
fciry  diroAfon.  Hence  il  U  much  more  riraple  and  its  mean!  «f 
(ifrfy  arc  rMfarlyaifeciireatanv  boll,  Ihalii  In  fay  it  i^perfrdly 
elTirdtnl  8(  far  at  regards  the  IrigS" ;  though  il  does  nnl.  like 
lumt  of  the  bolt  ilop;,  prevent  the  full  cock  being  mad^'.  But 
M  thpQlber  hand,  w  the  invcniDr  remark*,  its  fecurily  in  no 
Hfpf&  diminithes  lis  ready  n(e.  For  Mu,  esclufive  of  the 
addiiional  expence,  have  the  difadvnntage  of  requiring  a  pre- 
Tiom  npcraiion  before  the  piece  is  fit  for  fcr*ice.  Few  people 
when  abrmcd  have  the  prcfence  of  mind  to  iinLnlt,  but  (hey 
tnfixnity  attempt  to  cock.  Dirappoiiilment  tcn'l\  lo  prorluce 
ttaf  axilalion  and  confulion  of  mind  which,  at  fuch  a  jiinQnre, 
■My  aeration  the  lafs  of  their  livei  front  apponenli  vt\ta  w 
Btlle  difpofcd  to  (hew  mercy  to  an  enenij  tioni  whom  they 
loH  no  reafon  to  expefl  any. 

Certificates  of  the  utility  and  novelty  of  ihi'invenlioti,  from 
It/pctiable  maken,  wiUi  letters  of  approbilion  from  llie  Board 
ti  Ordnarjce,  were  enliltlled  lo  the  S'Kielj  ol  Arli ;  and  it  ii 
probable  that  this  apparalu;  will  obtain  llie  encourage  mem  it 
ftpfkcaf  1  to  deferve.  The  Society  expre Ifcd  their  feniimenti 
hy  awarding  the  filver  medal  with  the  Turn  of  ten  giiineai  19 
|l«  invenlor. 


Inrtfiigation  ff  the  Proptrtif  ijf  tht  Lines  drann  in  a  Circle  by 
air.  BotwBLL  m  the  Temh  I'olmic  etf  tkii  Journul.     J)y  Mr. 

JoHM    GOUSH. 

T»  Mr.  NICHOLSON. 
SIR,  Middlfjhaw,  April  IT,  1805. 

J.  HE  theorems  refpefling  the  circle,  f(i«en  in  yopr  miniber  Piop'fiiimM 
Ck  March  laftby  Ihe  Ingeniuuj  Mr.  Bofwrll,  will  imdoubtedlv  tlf^ie'^J^  *i 
prove  dtTullo  the  %XU&  and  pradicaJ  philofopber.     On  Hit. 
account 
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Propofidont  accoUni  Ihey  ought  to  be  made  as  corredl  as  poffible;  wbidf 
^^?*"8*^bas  not  been  a<  yet  done,  eifher  by  Mr.  Bofwell,  or  by  his 
more  fcientitic  commentator  in  your  number  tor  the  prefent 
month.  {This  declaration  in  a  manner  compels  me  to  under* 
take  the  following  invedigation  of  the  fubjed),  in  which  I 
iball  refer  to  Fig.  4-.  FiaU  XL  of  your  Journal  for  April,  re* 
queding  the  reader  to  place  the  letter  T  at  the  upper  extre<» 
mity  of  the  vertical  diameter,  and  C  at  the  oppoliie  end. 

Theorem  \jl.  Let  the  circle  ITFC  have  unity  for  its  dia- 
meter; draw  the  diameters  I  F,  TC  at  right  angles  to  each 
other;  bifedl  the  radius  TO  in  W ;  join  I  W,  and  produce  it 
until  it  meets  the  circle  again  in  B:  thefe  things  being  donef 
the  fquare  upon  I  B  is  equal  to  .8000 ;  which  exceeds  •7854, 
or  the  common  exprefCon  for  the  area  ITFC  by  the  fradion 
.0146. 

Demonfiraiion,  Put  the  radius  I O  =  R  =  .5 ;  then  O  W 
=:  -^  R ;  fince  the  triangle  I  O  W  is  right  angled  at  O,  by  hy- 

potheGs,  IW*=  R»+iR*=:  151.1  Rue.  47.1.     Now|thc 

4  4 

triangles  O I W,  B  I  F  are  equiangular;  becaufe  the  angle  at 

I  is  common  to  both;  and  the  angle  F  B  I  is  equal  (o  W  O  It 

being  righti  Euc.  31.  Ill ;  confequently,  as  W  I :  I  O  : :  I  f 

(=210):  IB;  hence  as  W  I*  (  =  1^):  I0*(=  R*)  : : 
IF*  (=4R») :  I  B*  (  =  im);  but  R«=r  .25;   therefore 

IB2= — ^liri=:  lGx.05  =  .8000.      But  .8000-.7854=:s 

.0446.     Q.E.D. 

Leinma.  The  area  of  the  circle  ITFC  is  equal  to  the  re6- 
angle  under  the  radius  O  I,  and  the  fumi-circumfcrence  I T  F; 
for  this  area  is  equal  to  a  triangle  having  I  O  for  its  altitude, 
and  the  whole  circumference  I TFC  for  its  bafe.  (ArchimU 
dcs  de  Circuh  Prop.  1ft.)   / 

Theorem  2nd.     If  the  right  line  I  B  be  the  fide  of  a  fquarc, 
iwliich  is  equal  to  the  area  ITFC;  and  BG  be  drawn  per- 
pendicular to  the  diameter  IF;  the  fegment  I G  of  the  dia- 
meter I  F,  cutoff  by  BG,  is  equal  to  l  of  the  circumference 
•  ITFC  or  the  arc  TBF.  '     '  ^ 

^  .  Demonfiraiion^    The  triangle  I B  F  is  right  angled  at  B, 
SI  £.111.  and    BG  is  perpendicular   to  IF  by  hypothecs 

therefore 
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ikfttffore  the  reaangle  F  I,  I  G  =x  I  B»,  8.  £.  VL ;  but  I  B*"=s  Propofiiion. 
die  waanjrlc  under  I  O  and  the  arc  I  F  F  by  lemma  ^  «"onfe.  ^/^^'Jl^^ 
q««itK  a<  F I  (=  2 1  O)  :  I  O  : :  arc  I T  F:  righl  line  I  G; 
J4£.  Vi.  hence  IG^Jthe  arc  ITF,  =  lhe  arc  TBF, 
Q.  K.  D. 

'  CmoHnry  \,  If  I  G,  «  fegment  of  I  F  be  equal  to  the  arc 
TB  F;  thaw  G  B  perpendicular  to  I  F;  and  let  it  meet  the 
rircie  in  B  ;  the  line  I  B  is  the  fide  of  a  fquare;  which  is  equal 
t*  I  He  area  1 T  F  C.     This  is  the  converfe  of  the  Tbeoren>« 

Cor,  2.  II'  any  angle  at  the  centre  of  the  circle  as  I  O  B, 
be  given  in  parts  of  the  right  angle  T  O  F;  and  I  G  be  equal 
to  the  arc  T  B  F ;  find  a  right  line  N ;  which  (liall  be  a  fourth 
proportional  to  the  angles  T  O  F,  I  O  B  and  the  right  tme  1  G; 
this  line  N  is  equal  to  the  arc  1TB;  and  a  mean  proportional 

betwixt  I O,  and-^'  it  the  fide  of  a  fquare  which  is  equal  to 

the  area  I O  B I ;  join  I  B,  and  from  the  lafl  mentioned  fquare 
take  the  trinangle  I  B  O ;  the  remaining  magnitude  is  equal  Co 
the  circular  fegment  I  T  B. 

Cor,  3.  The  fquare  upon  B  F  is  equal  to  the  difference  of 
the  areas  of  the  circle  and  its  circumfcribing  fquare. 

FrolfL-m,  If  the  circumference  of  a  circle,  whofe  diameter 
it  unity  be  denoted  by  3.11'16;  it  i^  required  to  find  a  right  line 
which  (hall  approximate  very  nearly  to  ^  of  this  number,  or 
.785+. 

ConftruBlon,  Draw  I  B,  as  in  Theorem  I  ^,  and  make  B  G 
perjiendicular  to  I  F;  then  I  Gx  1  =1  B,'=  .8000;  confe- 
qucnlly  I  G=  .8000,  whjch  is  greater  than  .7854-.  Let  the 
reader  take  gm  I  G,  fo  that  I  g  may  be  of  the  required  length  ; 
then  a<8000  :  7854  : :  IG  :  1  g\  but  8000  is  to  785 1  nearly  as 
55  to  54;  therefore  divide  IG  into  55  parts  and  \g  will  be 
5 1  of  thefe  parts.  Draw  g  h  perpendicular  to  I  G ;  join  16; 
and  the  fquare  upon  I  b  will  be  nearer  the  truth  than  that  upon 
IB.  If  a  more  complete  approximation  be  required,  it  may 
be  difcovered  by  the  method  given  in  the  ninth  Problem  of  * 

Einerfon's  Arithmetic.     Q.  E.  F. 

It  is  the  bnfinefs  of  the  practical  geometrician  io  determine 
the  value  of  thefe  propofitions  in  pra61ical  geometry.  The 
ingenious  Mr.  Bofwell  confiders  the  firft  theorem  to  be  of 
utility ;  for  which  reafon  I  imagine  any  improvemeut  in  the 

difcoverjr 
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difcovery  will  prove  acceptable  not  only  to  ibe  inventor,  but 
to  feveral  of  your  readers  who  are  artifts  and  mechanical  ge-* 
ometricians. 

JOHN  GOUGH. 


■^■^ 


Oa  the  Culture,  Properties,  and  cofnpnrathe  Strength  of  Hemp, 
and  other  Vegetable  Fibres,  Uie  Growth  of  the  Eaft  Indies.  By 
Dr.  William  Roxbur<;h,  of  Calcutta*. 


Dear  Sir, 


Y« 


S?  advifed  ex- 
periments for 
the  cakure  of 
heiD|^  ia  India* 


OUR  letter  of  tlie  1 6th  of  May,  1799,  I  received  on  my 
return  to  Bengal  in  October  lad ;  but  that  from  the  Society 
eflablifiied  in  London,  for  the  Encouragement  of  Arts,  S(c« 
of  which  you  are  a  member,  is  not  to  be  found. 

I  was  rather  furprifed,  on  my  return  to  Bengal,  to  find  the 
dircftors  had  fent  out  a  perfon  (Mr.  Sinclair)  to  eftablifh  the 
cultivation  of  hemp,  a  thing  I  had  begun  fome  time  before. 
Even  on  the  coaft  of  Coromandel,  ten  or  twelve  years  ago, 
)  made  a  moft  fuccefsful  trial,  the  refult  of  which  was  laid 
before  that  government,  to  be  fent  to  the  Honourable  Court 
*"  of  biredors ;  and  again  in  Bengal,  fince  my  appointment  to 

the  ftation  I  now  hold.  Mr.  Sinclair  \\  dead,  and  the  ex- 
periment is  dill  carried  on  ia  a  mod  expend ve  manner;  whereaa 
it  could  be  continued  where  it  was  6rd  begun,  in  the  botaniq 
garden,  at  no  expence,  and  with  more  profped  of  fuccefs. 
Should  government  continue  to  be  the  cultivator,  the  prictt 
will  be  eoormoui.  Eighty  pounds  weight  is  all,  I  believe* 
that  is  yet  forthcoming,  and  cods  from  10,000  to  20,000 
rupees.  Such  experiments  throw  a  complete  check  in  the 
way  of  all  attempts  to  introduce  new,  or  improve  old,  branches 
Beft  method  of  of  agriculture  and  commerce.  A  fmall  premium  diould  be 
odered  to  the  natives,  and  honorary  rewards  to  Europeans, 
after  the  example  is  fet  on  a  fmall  and  not  expendve  (bale. 

The  botanic  garden  was  at  fird  made  very  large,  four  times 
morp  than  was  necedary  for  iuch  a  garden,  the  intention  of 


promoting  its 
cuitiTatioM. 


Botanic  garden 
stCakutta, 


*  Communicated  to  the  Society  of  Aits,  1804. 
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which  was  merely  to  make  experiments,  and  to  invite  the' 
Bitives  to  fee  and  profit  by  the  examples  in  hulbandry  carried 
&D  there. 

A  quantity  of  my  bowr-ftring  flax  was,  I  underltand,  fent  Bow  ftring  flax  t 
fjora  ihe  coaft  about  two  years  ago,  fbr  the  diredtors,  I  could  ****  ^"e^fibrcL 
wib  to  know  what  was  done  with  it ;  for,  to  mc,  it  feenis  to 
be  iha  iironf^eft  vegetable  fibre  we  are  acquainted  with, 
i  mean  to  fend  fome  by  the  January  (hips  from  hence,  through 
(i:<  media m  of  this  government,  and  wilh  it  may  fall  into  your 
hands  and  ihat  its  €|ualiue9  may  be  properly  examined  by  the 
S-xiety  for  the  Encouragement  of  Arts.  I  am  really  forry 
that  the  letter,  inviting  me  to  become  an  honorary  correfpond- 
hf^  member  of  that  Society,  (hould  have  been  lofl*  I  beg 
yoa  will  afTure  the  Society,  that  I  am  fenfible  of  the  honour 
(hey  have  done  mei  and  (hall  be  very  happy  to  have  it  in  my 
{wwer  to  contribute  my  mite  to  promote  the  views  of  that 
Uodable  infiitution. 

When  any  new  objed,  promifing  to  become  ufeful  in 
the  artf  or  manafadares  of  our  country  is  difcovered,  and  re* 
ported  to  your  Society  (for  example,  the  bow-(iring  flax,)  the 
Society  will  probatily  addrefs  the  Court  of  Directors,  and  re* 
commend  the  cultivation  and  importation  into  England  of  the 
commodity  tlfelf. 

Another  objeiS,  of  more  national  importance,  which  I  re- Excellent  quaiu 
commended  to  this  government,  before  I  went  to  the  Cape,  JJ^'^.  *''' 

was  ibe  growth  of  one  of  the  mofl  noble  of  the  palms,  the 
arrme,  mentioned  in  Marfden's  Hiftory  of  Sumatra,  page  77, 
and  faid  to  yield  at  an  early  age  (from  fiTe  to  fevcn  years,) 
libres  ready  prepared  by  nature,  flexible,   Hrong,  and  mofl  for  its  fibres ; 
durable,  and  the  mod  convenient  for  cables  and  cordage  of  ail 
kinds,  that  can  be  defired.     It  alfo  yields  great  abundance  of  its  wine^ 
palm  wine,    which  caii  be  converted   into  fiigar  or  ardent 
fpiriu  I  and  when  the  tree  is  old,  its  pith  is  the  balis  of  the 
lago  we  fo  much'  value.     I  have  diflrlbuted  many  hundred  and  its  (ago* 
pianiSp  and  have  Aill  a  great  number  in  the  garden*,  beiide 
many  thoafand .  feeds  in  the  ground.     Drawings,  and  a  de- 
icription  of  the  mod  valuable  tree,  were  fent  to  the  directors, 
rinder  the  name  o(  Jbguerui  rumpkii ;  but  as  the  trees  from 
«khich  they  were  taken  have  advanced  in  (ize  and  age,  a  new 

*  Feb.  ISGI.    About  100,000  plants  have  been  reared  in  this 
V.tanic  garden  fmce  the  date  of  this  letter. 

Vai.  XI.— Mav,    1805.  D  fet 
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fet.of  drawings,  and  a  new  defcription,  of  the  old  one  cor- 
reded,  becomes  uccc^fTarj.  They  will  be  fenl  to  the  Diredors 
this  feafon.  The  objed  may  be  fuch  as  your  Society  wiAi  to 
attend  to ;  and  on  that  account  I  have  ventured  U>  trouble  you 
with  the  above  flatement. 

I  am»  dear  Sir, 

Your  mod  obedient  Servant, 

W..  Roxburgh. 
Calcutta,  Dec,  21,  1799. 
Robert  WifTet,  Efq. 

Dear  Sir, 

Bspenmentson       MY  letter  of  the  2ith  of  December,  1799,  I  am  afraid,  has 
fce"P«  not  reached  you.    Tlie  experiments  on  hemp,  therein  men- 

tioned, have  not,  I  believ^,  thrown  much  additional  light  on 
the  fubjed.     My  friend,  Capt.  Burrows,  of  the  Earl  Howe, 
has  done  more  to  make  our  own  indigenious  fpecies  (they^in 
of  the  Bengalefe)  better  known,  than  any  other  perfon  I  am 
acquainted  with. 
Comptratire  ex-      Por  ii^^fe  lafl  twelve  months  my  attention  has  been  much 
meubuTfibres.  ^^^o  up  in  collcdiiig  and  comparing  the  various  vegetable 
fibres  of  AGa,  &c.  ufed  for  cordage,  cloths,  and  paper.     The 
refult  of  theCe  I  have  lately  prefented  to  the  fupreme  govern- 
ment, to  be  fent  to  the  Hon.  the  Court  of  Diredors,  in  reply 
to  the  79th  paragraph  of  their  general  letter  of  the  7th  of  May 
Neceflityofa     laft.     This  paper  may  be  interefting  to  your  Society,  par- 
Rufliaa  hemp.    l^»c*'^'"*'>  ^^  ^^'^  time,  when  the  attention  of  all  good  patrioti 
is  drawn  towards  the  difcovery  of  a  fubditute  for  RuflSan  hemp* 
Tliis  paper,  with  my  former  eflays,  contain  much  information 
on  the  fubjeds  therein  mentioned. 
The  futt  plant  i«      The  jkn  of  the  Hindoos,  which  is  the  prepared  fibres  of 
ingft  promifing.  j,,^  j^,|^  of  a  well-known  Indian  plant,  the  crotalaHa  juncem 
of  Linnscus,  Hill  appears  to  me  to  be  the  mod  promifing  fub« 
ititute  for  hemp  which  has  come  to  our  knowledge ;  I  mean, 
.when  every  circuraflam'e,  relative  to  its  qnicknefs  of  growth, 
its  being  already  univerfally  known  and  cultivated  by  all  (be 
nations  of  India,   its  low  price,  pliablenefs,  flrength,  dura- 
bility, &c.  &c.  arc  taken  into  confideration.     All  that  can 
be  necelfary  for  the  procuring  and  tranCporting  to  England 
4iny  quantity  of  this  material,  is  to  enfure  the  cultivator  a 

certaiq 


ecfUin  price,  mnd  nadj  ai«Tk«l  for  the  cnmmodiiy ;  met  (o 
law  il  properly  cleaned  and  packed.  Id  render  Itie  Freight 
u  \am  and  convenient  at  pnlHble.  Cleaneil  Taraplct  of  thi* 
ttry  loUlnnce  tv«(e  r«nl  by  mo,  fi\  ot  ttvca  yeais  ago,  lo  ihe 
DimSari;  fo  Uiai  ihc  fault  it  not  mine,  it'  it  is  not  already 
kitct  known  linn  it  fnmi  lo  be. 

The  dilcovery  of  a  fubllitute  fat  KolHan  hemp  It  certainly  it  c< 
uobjed  of  (he  fird  in;tgnilu<le.  U  jU'i  is  faund  to  be  ihe  " 
bei  fubllilute  yci  difcovcred,  and  coii*  in  India,  fay,  when 
praperly  cleaned,  ii;n  pounds  per  tnn,  and  ihe  freight  fixleeii 
pmdx,  Ihvrc  will  Hill  be  a  cunliderublu  proril  lo  llie  met- 
Ikutlt  p»rticulurly  in  times  nt  war;  fur,  I  believe,  it  rarely 
ikippent  ihU  hemp  fetU  (a  low  m  London  a«  lliirly  pound* 
ipaUm.  Sliuuld  ihc  fubjucl  apiiearuf  cun!ec|ucnce  tuyuu,  1 
itqgyou  will  call  llie  attention  of  the  memberi  of  your  Society 
iloiL 

^  Tbat  1  may  not  encroach  Ino  much  on  your  lime,  I  will 
jclafe  ihii  letter  by  refeitiiig  you  to  my  friend  Mr.  Bofwell, 
Jhe  lutt  Nlarine  Storekuepur  and  Naval  PaymaiLcr,  for  any 
hnher  information  you  may  want.  1  fend  this  package  by 
^m.  Mr.  Usbb,  late  a  Membet  of  the  Itoatd  of  Trade  bci>, 
Can  aUo  give  you  miicli  inlbrmalion. 
I  I  am,  dear  Sir, 

Your  mod  obedient  Servant, 

W.  RoxfiuKOB. 
Cdfrufxa.  Frb.71,  1301. 
Ruben  WiITl-i  r.fq. 


4 


rOtfinatioiis  on  the  Cutiurt,  Pnipertict,  and  i:omp'ir<Ui\  c  Strengtlt 
X0  lltntp.  Sun,  Jaie,  und  uiher  I'tgttalk  t\liici.  the  Gronih 

,       t^  Imtka,  coraaiaiiicatai  bj/  Dr.KoxnvhQH. 

HEMP,  confidcred  merely  ai  an  arlicle  of  trade,  h  an  importuKt  of 
objea  oi  the  fitll  imporiaiice  to  the  merchant;  bul,  wlien  ""'"p  »"'' '"' 
•nt  ruflcft  cm  tti  variau^i  ulc<,  and  obfurve  that  hardly  any  art  ^ct  in  ibciaij. 
can  bo  carried  on  without  it?  afliliame,  or  of  fonie  other 
bibftiliiir;  the  objeAi  it  embraces  are  immciri'e,  and  there 
ve  frwtiiBt  beiici  defervc  the  attention  of  the  philolophcc 
□r  inlellif^nt  artifl.  Cordage  makes  the  very  linewi  and 
naJcletofa  fliip,  and  every  improveiucnt  which  can  be  made 
la  iU  prrpaniion,  cither  in  fkM'peA  to  ItratiKili,  pliablenelc. 
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or  durability,  or  in  bringing  to  light  fubftilutes  equally  good  > 
or  betters  particularly  where  hemp  itfelf  cannot  well  be  had, 
mud  be  ot'  immen(c  fervice,  particularly  to  the  mariner,  and 
to  the  commerce  and  the  defence  of  nations. 
Its  cttldftt'ibR  in      The  cultivation  of- this  important  plant  in  our  colonies  hat 

Sded^to  fup^rt  "°^  ^^h'»  **  ^^'  times,   met  with  encouragement  from  the 

an^  eaoourage-    government,  but  alfo  of  late  from  the  £a(l-India  Company 

■••■^  in  Bengal,  where-  cxtenfive  experiments  were  begun  by  the 

late  Mr.  Sinclair,  and  after  his  death  carried  on  by  Thomas 

Doaglast  on  the  cullure  of  hemp  and  flax,  on  account  of  the 

Honourable  Company,    A  clear  and  impartial  flatement  of 

thefe  4ria]&  is  to  be  wilhed  lor,  as  it  will,  no  doubt*  throw 

much  light  on  the  cultivation  of  hemp  in  India,  and  enable  us 

to  proceed  with  greater  profpedh  of  fnccefs  than  ever. 

It  may  be  very        My  own  experiments  and  inquiries  on  the  fame  fubjed, 

Swed^i^lIidU.  ^^^  ^"  *^®  ^^^  ^^  Coromandel  and  Bengal,  have  been  many, 
though  not  cxtenfive.  Their  refult  leads  me  to  think,  that 
hemp  may  be  cultivated  to  great  advantage  o\'er  the  interior 
parts  of  Bengal  and  Behar,  where  the  feed  fliould  be  fown 
about  the  beginning  of  the  periodical  rains,  or  earlier,  if  there 
have  been  frequent  (bowers,  on  elevated  fpots  of  rich  loamy 
foil,  fuch  as  the  Ryots  coltivate  tobacco,  fun,  and  paat  on, 
near  their  habiialions*  In  (ituations  of  this  nature  it  tlirives 
well,  and  will  be  eafily  attended 'to.  At  firfl,  foroe  en- 
couragement will  certainly  be  neceHary,  to  induce  the  Ryots 
The  Hindoos  to  undertake  this  new  branch  of  agriculture.  For,  although 
cultivace  »^only  the  plant  is  perfeAIy  familiar  lo  every  Hindoo,  yet  the  cultiva- 
tion on  an  extenfive  icale,  for  the  fibres  of  its  bark,  is  perfectly 
unknown  to  them.  I  would  therefore  fugged,  that  they 
ihould  pay  no  rent  for  the  ground  fo  occupied  for  a  certain 
period ;  that  feed  fliould  be  given  gratis ;  that  they  fliould  be 
cnfured  a  certain  price  for  the  hemp ;  and  finaliy»  a  reward  or 
premium  to  the  perfon  or  perfons  who  produced  the  greateil 
quantity  of  the  befl  hemp  within  a  flated  period. 
SeaTonfor^row-  In  many  parts  of  Bengal,  particularly  where  the  land  is  fo 
^S  it.  Jow  as  to  remain. humid  through  the  dry-weather  feafon,  hemp 

thrives  luxuriantly  durbig  the  cold  (eafon ;  but  the  water  is 
tlien  too  cold  for  macerating  the  plants  to  the  greate/l  ad- 
vantage: one  day  in  June,  July,  or  Augufl,  has  more  effe& 
in  loofening  the  bark,  than  eight  in  December,  January,  or 
February  }  confequently,  the  prolonged  immeriion  injures  the 

(j[uality 
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r,    '.r  ii  .•  |>«nip  much.     The  r»itij  reafon  »  tlierefofc 

'    ■;  cullfvnrion  and  maceratfon,   even  if  lb« 

■'.'  diiriflg  iho  cold,  wliicli  is  by  no  meant  ihe 

1  !_v  All  lsnd»  clfviled  above  the  level  of  the 

il  lu^n^Aiiun  of  the  low  rtce-lields.      We  mu(t  llieieforeOnciianii 

Mt  ourftlvw  Willi  one  crop  m  the  yew  ;  Tot  il  li.  a  very  ^'^  "^J 
ilfe  (Milion.  and  a  verv  prewailrnc;  one,  th»t  the  fcrtile  fielili 
•(  Afia  prnduce  si  leaf)  two  crimps  nnnuallv  ;  as  well  mi^bl 

»T.  liwl  <he  fertile  land*  of  England  jield  at  lesfi  iwo. 
becufc  a  we1I.m4naged  g;irden,  nt^ar  l.Dridon,  ur  (•■me  Mttcr 
bf|^  citv,  wil!  prodm-e  repealed  crops  in  Ihr  ye»r :  ft>  in 
Wii,  by  i5Teat  care  and  indiiflry,  a  fpol  here  and  there  will 
prryface  two  or  more  crop?.  The  burning  deal*  tif  Afia, 
whilr  Ihei  lajT,  are  as  unfavourablo  for  vegelation,  as  the 
&«*•  of  winter  in  Kurnpe. 

Befidei  hemp  and  flajc,  llie  vegetable  kingdom,  parliculatly  Oiher  tcfctgl 
HbJ  nalnral  dlvifi-m  Mtled  by  Linnaeus  C^lumnlfeia,  abuunds  ''*''"^'  '"  '     ' 
I  jilanii  whidi  produce  in  a  leri  alt  lit  f«r  cluihs,  paper,  and  („r  ih< 
«sMbge :  atniofl  every  nation  or  country  poflcfTcs  fomething  of  '""i'- 
(be  fctnd  peculiar  lo  Ilfelf.     Tu  afcertatn  what  ihefu  are,  at 
ftcD  a«  to  find  out  new  ofles.  lo  try  thi^ir  comptralive  Hrenglh, 
<hrabi1ity,  lesiure,    Sic.  has,   at  various  leifure  houri,  em- 
ployed  my  atlcniion  for  many  years  pail.      Drawing!!  and 
■McriptMn^  of  many  of   them  have  been  alrcndy  laid  be- 
Ibra  the  honourable  Cmiri  of  DireClors.     Ti*re  are,  how- 

',  fouie  blherf  iviiicti  remain  lu  be  bronglit  under  view 
aiKl  conpared  with  the  kinitg  we  aro  bed  acquainted  wlili, 
which  1  liare  aitcmpled  in  Ihc  rollowlng  experiments.    Many 
other  fori*  ate  alfo  menli(jni.'d  by  varluus  auilinrsand  Iravelleri, 
of  wliicb  I  know  nothing  more  tlrnn  the  nnmej.     Two  of 
Anfe  arc  mcniiuned  by  Marfdirn,  at  pages  7^  and  76' of  hia 
biRorjr  of  Sumatra.     Others  are  peculinr  lo  Pegu,  &c.  S:c. 
Thefc  1  mufl  omtl  for  the  pielent,  and  cnntine  myltlf  to  fitch  Defcri 
I   1    am  more  intmiately  acq»ainleU   witii.      The   belter  to  '"""^ 
eoable  me  lu  proceed  in  this  inquiry,  1  have  cultivated,  in  the  mcnn 
Botsoir  Oardcn  si  Calculla,  many  of  the  plants  ihemfclves  P'^"" 
whkti  produce  the  materials  hereafter  mentioned  ;  prepajed  'v'L,, 
(lieir  fibre*  in  gen«rral  by  maceration,  &c.  a*  with  liemp  and  <h*  ^1 
Box  in  Euiope.     And,  to  compute  their  (Irenglh  (j.iain,  tai>. 
ncd,  luid  tarred.)  had  then  made  into  cords,  compufed  ol  ihi  ee 
IJBple  yariit,  m  nearly  of  the  lame  fize  and  hardnefs  as  a 
5  Hindoo 
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Cordage  mana-  Hindoo  rope-ma|&^r  could  maketbem;  bot,  in  fpitc  of  roy  uf- 

"'^  '  fnoft>car€,  they  were  always  too  hard  twified  to  be  of  the 

greated  poffible  ftrength  *.    Of  ^ch  fori  there  were  fix,  when 

there  was  a  fufficient  quantity  of  tbe  fibres.    Three  of  them 

were  about  the  ilze  of  a  iog*line,  and  three  a  fize  larger  than 

tnd  tried  in  the  a  wbip-cord  ;  One  of  each  iize  and  fort  was  kept  white :  the 

omicd  and  ^^  average  number  of  pounds  which  broke  them,  (for  repeated 

tarred.  trials  were  made,  and  always  with  lengths  of  exadly  four 

feel),  will  be  found  in  the  firft  and  fecond  columns  on  the 

right.     One  of  each  was  tanned  i*  with  the  adringent  fruit 

called  gaub  by  the   Bengalcfe,    (Embryopteres  Glutinifera» 

Koxb.  Cornmandel  Plants,  Vol.  L  No.  70.)    Their  lirength 

is  reprefented  in  the  third  and  fourth  columns  of  the  following 

table,    Andy  laflly,  one  of  each  fort  was  tarred ;  their  re* 

fpedlive  Hrcngths  will  be  found  in  the  fifth  and  fixth  columns* 

■  TMo'mg  We  know  tlie  tanning  principle  (irengthens  the  fibres  oT 

«iil  Ibrct,  but'  Icalh^r,  (animal  fibres  )  but  are  not  fo  clear  that  its  operation 

%Mgti  vegetable  ?  on  vegetable  matter  is  uniformly  the  fame.     The  attention  be* 

(lowed  to  afcertain  thix  point  in  thefe  experiments  will,  at  lea(t 

Ihrow  fome  light  on  the  fubjc6l;  and  may  induce  others,  better 

qualified,  to  extend  the  inquiry  (here  in  India),  where  tanning 

materials  abound, 

* 

*  The  experiments  of  Reaumur,  Sir  Charles  Knowles,  and  Pu 
Hamel,  unifoi miy  prove,  that  when  hemp-rope  is  twifted  to  the 
ufual  haidhefs,  which  is  that  which  brings  them  to  two-thirds  of 
tiie  length  of  their  refpeSivc  yarns*  their  ilrengtb  is  ItiTencd  by 
nearly  one-fouith,  when  compaied  with  ropes  confiding  of  the  fame 
number  of  the  fame  yams  twifted  up  to  only  three-fourths  of  their 
length.  There  will  be  no  difficulty  in  accounting  for  this  differ- 
ence, if  we  confider  that  a  tkein  of  fibres  may  be  twified  fo  very 
bard,  as  to  break  with  any  atttmpt  to  twifi  it  harder.  In  this  (late 
the  fibres  are  already  tliaincd  to  the  utmofi,  and  cannot  fupport  any 
weight  or  additional  Itrain, 

f  The  idea  of  tanning  cordage  is  far  from  being  new ;  for  tbe 
fifiieimtn  of  Afix»  a^  well  a«  of  £urope,  not  only  tan  their  nets  and 
lines,  but  alfo  their  fails,  to  give  them  additional  ftrength  and  du- 
rability. The  lame  procefs  might  be  productive  of  the  fame  effeds, 
if  employed  on  cordage  made  of  thf  materials  (No.  2,  5,  6,  7,  8, 
and  15),  fpecificd  in  thffe  experiments,  which  induced  me  to  re-> 
commend  its  being  tried  with  fun  (orddgei  in  my  letter  to  the 
poajd  of  Trade,  in  Augufl^  17^T« 

Anolher 


■  R    VCCETAILI    riBSES.  3^4 

AnolW  poioi  or  tb«  atmod  imporlancc  lo  be  afcerlaincd  ii  WhechEi  t«n 
■trthnw  una«d  rope*  will  be  prefucvcd  by  llic  Ian,  wilb  tvliich  J!|^'"  5"'^"''*  **'i 
liici  ue  impregnated,  when  ^Dwedaway  »et;  n;  tarred  lupes 
Be  prefetved  by  the  tar  when  lo  cifcumfianceil.     li  ii  nevef- 
ii^&  a  well-known  faft,  that  tarred  cordage,  when  new,  isTuiatinot 
"«ief  Ihan  wliilej  and  ibai  itic  ditlcfencc  increnfiM  bj  keep-  '''"?^°^'**'.' 

™g.    Tar  can  lliemfufe  orJj  be  eniplojcd  to  prcfcrve  cordage,  caauar/.  , 

wl  not  to   firenglbtrli  it ;   fa  that  ii  tan  will  add  flrenglh,  or  | 

lira  not  weaken  vogetible  libtes,  and  at  ihc  fame  lime  pre-  "% 

Mvc  Uictn  ;  of  how  great  advantage  to  ilie  nalioi)  would  the  J 

i'kotetj  of  a  convenient  pradicable  jitocefs  be,     for  all  ] 

iMtlagc,  «kporir<I  lo  be  altrmalely  very  wel  or  dry.  require*  f 

Inbe  impregnated  with  a  pr<;fi;rv alive.     And,  lo  conclude  Ibis  T«  noipm-  1 
liiog  noie.   1  beg  leave  ti>  obferve.  thai  tor  is  nol  ihe  produtu  j""''  '"  ""P'«»  j 

m'lhi:  wsrincrparUof  AGa.     Are  we,  iherefore,  lo  conclude.  ] 

thai  no  oiaicrial,  llio  produce  of  ihefc  pari*,  can  be  applied  , 

ka  ihe  fame  end  *  Lei  ui  nol  entcriain  anj  fuch  idea.    Naluie  ■ 

it  abundantly  kind,  and  rurnilhe*  every  country  and  ctiniaie  A 

Hitb  what  is  moll  proper  for  ihe  ufe  of  its  inhaliilatitt.  ^ 

Tbe  annexed  flaiement  of  lite  expeninents  made  on  the  SutenKncof  J 
faUuncct  there  fpccified,  can  only  be  deemed  an  atlempl  ^^"T""  ""  4 

toward*  afccTiainiug  ilieir  relative  flrength  ;  and  liiougli  (bey                '  \ 

are  the  average  idult  of  leveral  irials  made  on  tbe  fliength  uf  1 

each  cofd,  plain,  tanned,  and  tarred,  yet  1  mult  acknowledge  J 

Utcy  onnoi  be  deemed  any  tbing  more  ilian  a  lirA  clfay,  chiefly  ; 

owing  lo  ibc  lines  being  in  general  ill  laid,  foine  more  and  fume  -I 
WCt  twnfled,  and  by  no  meant  to  be  compared  with  thofe  of 

Europe.     For  in  fome  inftance.i,  I   taund  a  Imall  one  fuflain  j 

a  greater  weight  than  a  much  larger,  made  exaclly  of  ihe  fame  i 
materia!*.     It  i>  Iherefore  my  Inlrnlion  to  repeat  ibem  on  a 

larger  fcale,  and,  if  pofTible,  wiib    belter  made  lines;   fur  ' 

every  Ihinj*  depends  on  iheir  beiipg  exa^ly  of  the  fame  lize  anil  l 

Jejree  a(  Ivritt.  ^ 
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4S  ON    VEMP    AN9 

The  cordSf  wheo  the  trials  were  made»  had  been  kept  about 
fix  months  after  they  were  prepared,  chiefly  with  tiie  view  of 
allowing  the  effects  of  the  taa  and  tar  to  lake  place.  The  re- 
fuit  of  thefe  experiments  Qiow>  tlial  tan  has  in  general  added 
flrength,  while  tar  has  had  a  contrary  efTedl*;  and  in  no  infiance 
is  this  more  clearly  evinced^  that  in  the  common  hemp  (Can- 
nabis} cultivated  in  Bengal. 

ZjDO  and  Coir*  Xo  Ejoo  and  Coir,  neither  tan  nor  tar  feem  applicable;  and 
in  feveral  of  the  other  experiments,  I  had  not  a  fufficient 
quantity  of  the  materials  to  make  the  neceiTary  number  of 
cords,  viz.  (ix  of  each  fort,  to  try  with  tan  and  tar,  as  well 
as  in  their  natural  flate.  At  fume  future  period,  I  hope  to  be 
more  fortunate  in  procuring  larger  fupplies  of  the  materials, 
and  alfo  to  add  fome  other  other  forts,  fucli  as  the — 
p-ftring  fibre*  Rajemald  bow-dring  fibre,  the  produce  of  a  new  fpecies  of 
Afclepia^,  difcovercd  by  William  Roxburgh,  junior,  amongft 
the  Kajemahl  Hills ; 

Mew  Zeakind         Jvfcw  Zealand  Hemp ; 

Hi(bifcus  Cannabinus,  and  foroc  other  of  the  fame  natural 
order  (Columniferae) ;  (for  in  general  (heir  barks  abound  with 
ilrong  iibres ;  witnefs  the  foregoing  table,  where  fix  of  them 
are  to  be  found) ; 

The  leaves  of  a  new  fpecies  of  Andropogon,  &c.  &c. 


kcnp« 


APPENDIX, 

Containing  Remarks  on  fojue  qf  the  Plants  mentioned  in  thcfore^ 

going  Table, 

Hesnatkson        .    No,  2.  Hemp,  or  Cannabis  Saliva. -rBanga,  in  Sanfcrit ; 

^^""^  Bunga,  Bungh,  or  Bung,  of  the   Hindoos ;   Bang,  of  the 

Periians;  Kinnub,  of  the  Arabians,  is  no  doubt  our  own 
femous  plant,  now  fo  common  and  ufefiil  in  Europe.  I  have 
at  different  times  examined  various  figures  and  defcriplions, 
as  well  as  the  plants  reared  from  Europe  feed,  comparing  them 
with  our  Indian  plant  through  its  various  Aages,  and  can  dif« 
cover  no  difierence  whatever,  not  even  to  found  a  variety  on. 
Perhaps  few  vegetables,  fo  widely  diffufed  over  almofl  every 
part  of  the  known  world,  and  under  the  immediate  manage- 

It  It  well  known  ment  of  man,  have  undergone  lefs  change.     It  is  perfedly 

^'|»^''*|^^^^^."**^  familiar  to  all  the  nations  of  India,  I  may  iay  of  all  the  warmer 

parts 


[wt(  of  Afia;  *et  i  cannot  difcaverthai  il)e  fibres  of  tliQ  haxV 
la*r  ewer  been  emploiieJ  for  any  pnrpore.  It  i*  cullivaiod  in 
iaaH  q«anttr»e*  ev«ry  whetu,  un  account  uf  iu  ratcntic  quR- 
filiei.—TUc  leave* (tl'iheniilvplaDl,  and  tloweriof  the  ttmale, 
m  Ibe  p«Tlt  in  Riofi  icetieral  uk. 

I  liKve  rcpeateiKy  applied  tor  the  (eedi  oi  all  plants  reared  <""  'n  Chla^ 
in  Ctiiiw,  and  other  countrii's  lo  lh«  KaRward  at  the  Bay  of      ' 
Beqgal,  as  well  B«  lo  Bimnfl  every  other  part  ot  India  we  have  I 

any  comrnanication  with,  fur  an  account  ot  llie  plaiilt  em>  | 

fioytd   to  fupply  material*  IVir  clothes  and  cordaKe,  and  for  j 

AeirtiDvda;  bul  could  never  learn  that  Carnabit  wa»  one  ol  * 

Aem;  noe  were  rl»  feeds  ever  fenl  to  me  a<  fiich. 

Air.  4.  The  great  ilrenglh  of  this  fubltarire  makes  it  a  verv  Ej' 
deCnble  nbjecl.  For  ■  delvriptlun  and  drawing  of  the  tree  [ 
I  refer  lo  llwife  •  which  accompanied  tny  letter  tu  the  Moft 
Noble  ibc  Governor-Genera)  in  Council,  under  dale  lite  2d  gf 
Jomiary,  )&()0.  Tlie  fibres  employed  in  ihcfe  experiments 
were  lakvn  from  iieei  Rowing  in  itic  Botanic  Giitden  ai  Cal- 
nlla,  where  ihcy  thrive  well.  I  coultl  oldcrve,  ikiring  the 
tiimit  niailv  in  breaking  the  cords  <>(  thii  fubflance,  that  they 

re  iM>t  lb  elallic  ax  ihofe  of  Coir,  which  tvill  probably 
icndct  it  Icfx  lit  lor  cnble!!.  bul  bdler  for  many  ulher  ufei. 
Coif  h  capflatuly  the  very  befi  material  yet  known  for  cables, 
M)  ■ccounl  (if  iti  {real  elajiicilj/  and  flrengtli. 

A'o»,  5,  li,  7,  8,  and  i.'.     Tliclc  ti)ur  plant*  have  already  Oiher  pliati 
brcu  figured  and  delciiba)!  by  me,  in  a  mumuir  fenl  ihrough 

I  Guveraor-Gcncral  in  Council,  to  the  Hon,  llie  Court  ci' 
Dtreclurs.  in  December,  lit).}.  Since  wriiinj{  ihnl  paper,  I 
Save  livmed,  lhat>«n  (CruloUtia  Juncea)  isalmoll  univerlally  T)<e> 
employed,  over  ihe  warmer  parts  of  Alia,  for  cordage.  On"'""' 
the  Malabar  eoaSi,  I  find  it  i)  (fencraliy  named  by  the  gentle* 
ncn  ai  Uomliay  after  the  province  wlierc  r«»red.  It  i$  ufed  in 
that  place  for  being  therr  cniion  bale«,  on  account  of  it«  great 
firengtb.  Samples  ot  three  fort;,  vix.  Malwan,  Kujupore, 
and  Salfeile,  were  lent  to  me,  from  tlieni,  by  Dr.  William 
Hooter ;  sod  am  induced  lo  think,  little  oi 


•  A  former  lir.  No.  I  H^,  tent  in  to  Govcmmrnt  on  the  e:ld 
af  November,  1797,  were  not  fo  corrcil  at  could  be  wiHied,  on 
account  of  chcir  having  hovn  (skcn  front  young  ii-cci,  jud  cumiiig 
i^lB  biofKun  the  fir  A  time. 

eirpiojed 


M 


employed  in  taking  the  bark  from  the  fhilks,  or  in  cleaning  th^ 
fibres,  which  may  add  to  its  (Irength:  for  certainly  maceration, 
particularly  if  long  continoedi  rouft  weaken  frefli  vegetable 
iibres  conliderably.  Tlie  fame  gentleman  fent  me  feeds  of  th^ 
Salfette  fort:  they  have  produced  plants  now  in  blolTom, 
and  from  them  have  afcertained  the  identity  >of  this  fpecies. 

In  fome  parts  of  Bengal,  a  moft  luxuriant  variety  is  calti- 
▼ated  immediately  after  the  rains,  which  often  grows  to  the 
height  of  twelve  or  fourteen  feet ;  while  the  common  fort  ib 
generally  reared  in  Bengal  daring  the  early  part  of  the 
.wet  fealbn,  and  grows  to  only  about  half  the  height  of  the 
former. 
Dm  At  of  the  I  muft  farther  obferve,  that  the  fibres  of  No.  5,  poirefs  great 
Jlugaldc}  ftrength,  and  it  feems  to  me  to  be  one  of  the  moft  fii  of  any  of 
oor  Indian  produd^ions '  tor  cables  and  cordage.  The  plant 
f^rows  generally  to  the  height  of  from  (ix  to  ten  feet,  the  fibres 
long,  but  hariher  than  thofe  of  hemp,  if  not  cut  at  an  early 
period.  It  is  very  generally  cultivated  about  Calcutta  during 
the  rains.  .An  acre  yields  of  the  Imlf-cleaned  fubHance  (the 
Ihtte  in  which  the  natives  carry  it  to  market),  about  600  lbs. 
weight)  and  fells  for  about  a  rupee  and  a  quarter  per  maund  of 
Mlbs. 
bewtifut  bat  No,  6.  By  cutting'  No.  5,  the  lafl-mentioned  plant,  when 

weak  fiWcfc  beginning  to  blolTom,  we  have  the  mofl  beautiful  fliining  white 
ibres  that  can  well  be  conceived,  but  (by  my  experiments) 
greatly  weaker  that  when  the  feed  is  fufl^red  to  be  nearly  ripe 
before  the  plants  are  cut. 
Flax  cultivated  No.  10.  Flax,  the  plant,  is  very  generally  cultivated  during 
fctir^l^^*^  the  cold  feafon,  over  the  interior  parts  of  Bengal  and  Behar, 
merely  for  the  feeds,  from  which  oil  is  olHained.  The  flajc 
itfelf  the  Hindoos  fet  no  value  on  ;  for,  alter  they  have  ga« 
ibered  the  feed,  they  throw  away  the  fialki^  as  ufelefs,  having 
no  knowledge  of  the  fibres  which  their  bark  yields.  Samples 
of  the  (lax  have  repeatedly  been  procured  by  the  Board  of 
Trade,  and  fent  to  England  to  the  Hon.  Court  of  Dire61ors ; 
fo  that  it  is  from  England  we  may  exped  to  learn  its  properties. 
If  the  flax  has  been  found  good,  large  quantities  may  be  reared 
at  a  fmall  expenfe ;  as  the  (eed  alone,  which  the  crop  yields, 
muft  be  more  than  equal  to  the  diarges,  to  render  it  profitablie 
lo  the  fiEirmer. 

No. 


1 


OTHER    TKCMaBLB    flltaES. 

H*.  1 1.  Tbw  AgVn  «  of  flow  (urowUi ;  on  rtrat  accoiinl  I  Ag 
ieatt  if  cv«r  iion  IviulvaiUBi^vfly cultivated;  bul,  nhpre'^^ 
bfful  Htkl  to  pli^l Vt  il  nay  bu  mantita^uicd  at  ■  uifiinj;  «b 
pMle.     liKifrcM  rii<m)(lh  leoileK  >(  an  object  noiiiiy  ul  a<i«n. 
liwk     Tbe  fibtcK  Br««(n)l«,  coukqiwady  rope  nMdeof  ibtoi 
iMdl  (0  lti«  t'cvl. 

jVa.  ['J.  DiAivJKgi,  and  a  defcnptioa  of  the  plant  j^Ielrii  Alcuitocri 
NetvcJut  Ro\b,  llie  nifliliod  of  oxiTadinic  (he  librei,  wilba 
qowilit^  111  Ihi-  lubHaiKe  ilfcjf,  wete  friH  (u  llie  H(>i>.  Il)c 
CtMIl  t>f  XlirvSorii,  llirini|[h  the  Madtas  Governtnent,  •bovc 
l«a>rvHpalt.  I  ailuKavcaUrgequoniil)' In  Mr.  Bebb,  nhea 
bekti  Bengal  iii  Judusm,  ItiUO,  In  uL.e  to  England  witli  him 
far  Ui*l  lli«xc  Tiic  pldRl  grow*  fully  at  trcll,  and  it  as  com- 
»M;uon  KivCofunamklcoafU  Tliore  li«i  laleljr  been  about 
a  bi|tK^  ((bird  ul  sa  acre)  planlcd  out  widi  it  in  (lie  BuiaiiK: 
|a(d«t>,  the  bcder  In  determine  the  eiLpenlc,  and  Ilie  anitu^ 
fndane  of  anr  given  quantity  of  gmund. 

A<r.  13.  Thin  pbnl,  aiialiveot'  variuu*  parts  ol  India,  Ncm  Abivmi 
Sunib  Wales,  Philippioe  Iflandi.  8;c.  has  been  long  known  lu  '"'*'• 
bUMiifit;  yol  I  cBMMil,  wilh  all  llie  ailenlion  that  i  have  \xca 
able  tu  bdhxrv  an  the  fuljcfl,  find  that  tlie  Abrei,  To  abun^ 
danlly  interwoven  tlimugli  its  bark,  have  aver  been  ufett  rtr 
*no  takoti  inft>c«  of  by  any  other  perlbn  ;  lo  lliat  1  think  we 
Ma)  look  upoii  it  as  a  new  dift-Uvefy,  defetving  of  n)or«  than  very  fmauia^ 
OJUBiboa  atldntioii,  on  atxoanl  of  (be  beauty,  lineners,  and 
kiicugib  of  lliefe  fibre* 

Il  iv  perennial,  grows  luxuriantly  in  the  Botanic  garden,  and  In  giowtlu 
baa  been  cat  down  twice  w!(hin  ihefe  fix  or  fcvtn  monllis;  la 
lliai  1  iliink  il  will,  at  l(;afl.  ennnally  alfuril  two  or  ihreeorupi 
a£  (boot*  &l  lot  yiolding  llij«  fublUiice.  My  experience  duei 
not  jd  enable  nie  to  flaic  how  much  may  be  the  yearly  produce 
of  U)  MTie.  bul  ran  venture  to  prognollicale  a<  large  a  produce  a« 
CMib»«ri)(aif.cdlr&iii»nin.iiipfSanctia.Jole.Aun,  HemporFlax. 

To  iBMler  ibio  bark  leparable  from  the  halt-ligneout  Ibuots  it  T 
covers,  to  I'olteit  ii>  enlernal  lamina,  or  cpidermes,  and  lhe° 
p*rcDcf)} isaiiiu*  futiltani^e  which  tirmly  conned*  the  libret  io 
ibcir  iialutal  liale,  m^L'eraiion  in  ilagnant  water  for  From  four 
to  eight  rtaji.  during  tbc  warmer  parts  ut  the  year,  anfwers 
trell  whilll  tltrce  limes  as. many  days  ate  fcarce  fufiicienl  during 
tbecollfralun;  iiidfed,  iheprocefsislcarccly  practicable  thsi>; 
beAdc«,  the  hbtes  are  greatly  weakened  by  the  Icngiii  ot  tt^ 

luiiaeij  lately 
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hnmediitcTy  on  beiii|^  taken  oot  i>f  the  water,  and  while 
wet,  (be  flioott  are  (ingly  taken  in  ihe  hand,  nibbed  with 
feme  coarfe  materials,  fucb  as  a  little  dry  graft  or  gunny,  t6 
remove  the  exterior  pulpy  hmioa  or  epidermis  of  the  bark^ 
which  is  deftitate  of  fibres.  This  part  of  the  procefs  is  eafily 
ef!e6ted ;  and  when  done»  the  clean  flioots  are  to  be  made  op 
into  fmall  bandies,  and  phced  under  weights,  or  forae  other 
equal  prelTure,  to  keep  them  firm  at  the  middle  and  top,  cither 
under  the  furface  of  the  watersi  or  out  of  it ;  the  fibrous  bark 
is  then  fcparated  with  the  fingers  from  a  fmall  portion  at  the 
end  of  the  ligneous  fhoot  or  fialk,  which  the  operator  takea 
hold  of,  and  draws  out  one  by  one ;  when  thefe  are  removed, 
the  pulp»  or  parenchyma^  which  fiils  the  interfiices  between  the 
fibres,  and  conneds  them  together,  forming  in  the  living  plant 
that  part  of  the  bark  which  may  be  called  its  inner  lamina,  or 
cellular  tiflue,  is  immediately  waAied  out  in  cold  water,  and 
the  clean  fibres  fpread  out  in  the  fun  to  dry.  Such  was  the 
limple  procefs  by  which  this  fubilauce  (which  may  very  properljr 
be  called  Indian  Hemp  or  Flax)  was  prepared. 

I  have  now  under  caltivation  about  the  third  of  an  acre  (a 
luggah)  of  ground  in  the  Botanic  garden  with  this  plant;  the 
refult  (liall  be  carefully  noted  firom  time  to  time.  It  might  have 
been  prudent  to  have  withheld  this  account  until  that  time; 
but  the  (Irong  defire  of  making  known  a  difcovery,  which  may 
in  a  (bort  time  become  beneficial  to  the  public^  induces  me  to 
be  thus  precipitate.  » 

For  a  farther  account  of  this  plant,  I  beg  leave  to  refer  to  my 
drawing  and  defcription  thereof,  font  to  the  Hon.  the  Court  of 
Diredors  fome  years  ago,  and  numbered  415. 

W.  ROXBURGH. 

fiotanic  Garden,  near  Calcutta, 

Jan.  31»  1301. 

Additional  Experimenti  on  t/ic  Stratgth  of  Sun,  (No.  VI L  J 

AUiCoatl  ez-        Some  tanned  fail-lwine,  made  of  this  fubftance  four  years 
jr""*K^V^*  ago,  for  the  infpedtion  of  the  Marine  Board,  was  made  into  a 

cord  of  three  brands;  each  of  the  ftrands  compofed  of  four 

threads  of  the  fail-twine. 

Some  more  of  the  fame  fail-twine,  tanned  twelve  months 

'Sgo,  was  made  into  a  fimilarcord,  and  another  was  made  of  the 

tvhite  unprepared  twine. 

The 
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The  fir  (I,  which  had  been  tanned  har  years,  broke  with  1 10 
Um.  when  dry,  a^  with  ISO  Um.  afler  having  been  fieeped  in 
waler  *2  !•  hours* 

The  fecondy  which  had  been  lanned  one  year>  broke 
with  123  lbs.  when  dry,  and  with  140  lbs,  after  fteepiag  «2^ 
boors. 

The  Ihird,  or  plain  white,  broke  with  148  lbs,  when  dry/ 
and  with  22'2  lbs.  after  fieeping  2-^  hours. 


X. 

De/tription  qf  the  Bavarian  Method  of  cvaporaiing  SaUM 

IValert,    By  34.  Boknard. 

X  HIS  new  method,  pra6kired  in  Bavaria,  has  been  infro»Bavsi« 
duced  into  the  fait  work  of  Moyenvie,  by  M.  CleiTs,  infpedor  ^^  'i^*^^ 
•f  the  fait- works  of  Bavaria.  waters* 

The  pans  are  compofed  of  fqnare  plates  of  cafr  iron,  of  4 
miUimetres  in  thicknefs,  and  4.76  centimetres  on  each  lide. 
Thefe  plates  are  joined  by  their  edges,  which  are  turned 
downwards,  and  confequently  without  the  pan:  they  are 
folidiy  united  by  a  piece  in  the  ferm  a  (quare  gutter  which 
receives  tlie  edges,  and  is  fecored  by  a  great  number  of 
Screws. 

An  evaporating  houfe  is  compofed  of  (ix  pans,  of  this  con* 
Orudion,  difpofcd  in  two  rows ;  but  thefe  pans  have  different 
ufes,  which  require  a  particular  arrangement. 

That  in  the  middle  of  the  back  row  is  the  fmalleft ;  it  has 
oo  particular  fire-place,  but  it  is  heated  by  the  junction  of  the 
chimnies  from  the  otiier  fire-places.  The  fait*water  depofits 
iU  impurities  in  it :  it  is  called  the  fmall  pan. 

From  the  fniaU  pan  the  fait  water  paflfes  into  the  graduating 
pan,  which  is  lower  tlian  the  firft,  and  placed  in  the  middle 
of  the  front  row  ;  it  is  there  kept  in  a  /late  of  conitant  ebulli- 
tiun :  tlie  water  is  concentrated  in  it  to  HO  degrees,  and  de- 
polits  a  part  of  its  fulphated  lime. 

From  the  graduating  pan  the  fait  water  pafTes  into  the  pre- 
paring pant,  wliicli  ^e  lower  than  it,  and  lituated  at  the  two 
extremities  of  the  back  row :  there  it  is  alfo  kept  conflantly 

boiling. 


4» 

Ovarian  me- 
tluHl  of  evapo- 
rating  laic 
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boiling,  it  it  completely  ooncentrsiteH,  and  depofits  all  ils  fuU 
pbate  of  lime ;  if.  is  then  palled  into  the  cryftallizing  pans^ 
dill  IcTwer  (ban  thofe  of  preparation,  and  placed  at  the  two  ex« 
trenilies  of  the  front  row  t  tliere  the  water  fcarcelj  boils,  and 
the  fait  cryfialliz^rR. 

Each  pan,  with  the  exception  of  the  fmall  pan,  has  a  par* 
ticular  liro-plftce^  the  chimhies  of  which  paf^roiind  the  (ides 
of  the  pan :  tliey  unite  unde^  the  fmall  pen«  by  w4iich  means 
there  is  little  heat  lod. 

Thefe  pans  are  placed  two  and  two  in  chambers  of  wood, 
the  joinings  of  which  are  well  fecured,  which  clofe  them 
hermetically:  thefe  chambers .  are  low,  and  their  ceilings  are 
perforated  in  the  middle  with  holes  terminating  in  a  tube,  by 
means  of  which  the  aqueous  vapour  is  difengaged  with  rapi- 
dity. The  chambers  for  the  preparing  and  crydallizing  pans 
have  their  coiling  pyramidal,  or  in  the  form  of  a  reverfe  hop* 
per»  while  that  for  the  fmdll  pan  and  the  graduating  pan  is 
horizontal. 

The  faline  waters  are  pafled  fuccelfively  into  thefe  four 
kinds  of  pans ;  the  w^Mrkmen  penetrate  into  the  chambers,  in 
the  midd  of  the  yapour>  to  open  the  coromnnications.  Thh 
operation  is  pei formed  every  fix  hours,  and  the  water  in  each 
pan  is  refiored  to  the  level  at  which  it  ilood  fix  hours  before; 
Every  three  hours  the  fait  in  the  crydallizing  pans  is  colleded> 
it  is  brouglit  with  Icoops  to  elevations  on  the  front  edge  of  the 
cryHallizing  pans,  where  it  drains;  it  is  afterwards  carried 
into  drying  roopas,  which  furround  (he  outfide  of  the  chambers : 
thefe  are  fpaces  covered  with  iron  plates ;  they  are  warmed 
by  heat-tubes  leading  from  the  fire-plaoes. 

Every  eight  days  they  take  away  the  fulphate  of  lime, 
throw  out  the  mother-waterSf  and  kreak  the  fliell,  that  is  tb 
fayi  the  inciufiadons  of  fait  which  adhere  to  the  bottoms  of 
the  pans :  every  twenty-f6ur  days  the  work  is  entirely  flopped 
4o  repair  ihe  pans ;  an  operation  which  is  performed  by  the 
workmen  themfelves. 

It  has  been  found  that  this  method  of  evaporation  affords 
a  iaving  of  more  than  one-third  of  the  fuel. 

An  improvement  has  lately  been  made  in  thi$  procefs  at 
Dieufe:  the  fmall  pan  has  been  fuppreffed,  and  the  drying 
rooms  have  been  replaced  by  auxiliary  pans,  in  which  a  coarfe 
fait  is  made* 

Th# 
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tlie  heated  drying  rooms  are  ofelefs  when  the  humidity  of  BaTarim  me* 
tte  Gih  arifes  from  the  muriate  6f  lime  it  contains.  nting  CUp^ 

Explanation  of  the  Plaia  III.  and  IV. 

hg»  I .  Plan  of  the  pans.  ^ 

No«  1.  Small  pan. 
No.  2.  Graduating  pan; 
No.  5.  Preparing  pan. 
No.  4.  Cryftallizing  pan. 

Tiie  difpofition  of  the  plates  of  iron  which  compote  thefe 
pna,  is  Ihewn  in  No.  2. 

a,  a.  Elevation  on  which  the  fait  is  placed  to  drain,  as  it  is 
taken  firom  the  cryftallizing  pans. 
I,  h,  b.  Wooden  partitions  which  feparate  the  chambers. 
€,  e,  c»  A  raifed  wooden  ledge  which  furrounds  the  pans. 
Fig.  2.  Section  of  the  evaporating  chamber  which  contains 
ibe  pans  I  atod  2. 

d^  d,  d.  Heat  tubes  which  give  heat  to  the  fmall  pan^  and 
contribute  to  heat  the  others. 
€,  e,  c.  Fire  place  for  tlie  pans. 

I,  a',  t.  Pillars  of  caft  iron  under  the  gratings  g,  g,  g,  which 
fupport  the  bottom  of  the  pans. 

A.  Wooden  chamber  which  contains  the  two  pans. 
Jb.  Opening  by  which  the  vapours  efcape. 
Fig.  3.  Se6lion  of  the  evaporating  chamber  which  contains 
the  pans  3  and  4. 

a.  Elevation  on  which  the  fait  from  the  cryftallizing  pans  is 
placed  to  drain. 

The  other  letters  indicate  the  fame  parts  as  in  the  preceding 
figures. 

Fig,  ^.  Method  in  which  the  plates  of  iron  are  joined  to  - 
form  the  pans, 
a.  The  iron  plate. 

6.  The  iron  gutter  which  receives  the  edges  of  the  plates, 
and  is  firongly  failened  with  fcrews. 

I,  I.  Pillars  of  cad  iron  which  fupport  the  bottom  of  the 
pan. 
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XI. 

Letter  of  Inquiry  rejpectiug  Vic  laU  Dr.  Ir  v  iv  z'i  fuitdamrnttU 
Experiment  on  tlie  relative  Capacities  for  Heai  of  Ice  and 
Water.     IV ilk  an  Anj\aer  by  Mr,  Irvine. 

Requeft  that       A  CORRESPONDENT  would  be  mach  indebted  to  Mr. 

Mr.  *'^'*"*         Nlcholfon  if  he  would  convey  by  publication  in  his  Journal, 

his  father's  ex-   ^^  olherwilc,  the  folio wiuj^  requeCl  to  Mr.  Irvine.     That  gcn- 

perimenton  the   (jeman  in  bis  paper  in  the  Journal  of  laft  month  *  mentions  his 

aad^attx!*    "   having  in  iiis  polleflion  the  experiments  of  Dr.  Irvine  on  the 

capacities  of  bodies.     Jt  ha«  always  been  a  wifh  with  tliefe 

cheniin^  who  have  attended  particularly  to  this  fabje^  to  knwv 

in  what  manner  Dt,  Irvine  made  tite  experiment  to  afcertain 

Change  of  form  the  comparative  capacities  of  ice  and  water.     If  either  of  the 

would  influence  bodies  durinir  the  ext)eriment  change  ils  form,  if  the  ice  were 
thcrefuJu  .      ,  f  »  ,    ,     .    ,  i  r    j      i? 

melted,  or  the  water  congealed,  it  becou.cs  lels  decifivet  at 

it  may  be  objected  by  thofe  who  maintain  (lie  opinion  thai 
latent  caloric  exiUs  in  bodies  either  in  who!e  or  in  part  in  a 
Hate  of  chemical  combination,  that  the  refult  might  arife  from 
fuch  a  combinaiion,  and  not  from  a  change  of  capacity.  But 
if  the  experiment  were  made  in  foch  a  manner  that  no  change 
of  form  took  place,  which  though  difficult  is  pollibie.  Dr. 
Irvine's  theory,  which  \a  fo  much  fuperior  to  the  other^  is  un- 
equivocally eftabliOied.  It  would  be  conferring  a  favour  on 
ti)e  chemical  world,  if  Mr.  Irvine  would  take  the  trouble  of 
faying  in  what  manner  the  ex|)eriment  was  condu6^,  pro* 
viding  fuch  a  notice  would  not  interfere  with  the  intention  he 
has  announced  of  giving  a  more  lull  account  of  his  father's  hi** 
vcQigations,  an  accouiU  which  would  be  eagerly  received  by 
cbemids* 

September  2Uh,   1805. 


lltply  by  Mr,  Irvine. 

Thctxpcriments  WITH  regard  in  the  enquiry  of  Mr.  Nicholfon's  corre& 
may  be  made  pondent,  it  would  ijive  me  pleafure  to  inform  him  of  any  cir- 
liable  to  the  c^mftance  within  the  Iphere  of  my  own  knowledge  that  moula. 
ohjefiioiu  before  jend  to  add  to  the  illuflration  or  proof  of  my  father's  theory. 

♦  Sept.  1SU3.    See  ow  Addrels  to  Correfpendents  of  kift  month.. 

There 


Dk.  mviwe's  Expsitriits-T.  5| 

T^eK  does  not  flMm  to  me  My  diftx-alty  in  expUining  fali^- 
I  bAvrfy  faow  experiments  on  ihc  capacilie«  of  ice  and  water 
|»*f  bt  coodoAed  wiihont  lietng  expored  lo  the  objt£liuni 
ihmi  Awed;  at  itw  Time  time,  lliiiugii  \he(e  experiments  may 
k(  nnclafive  a*  far  a>  lliQ)'  go,  I  tiave  not  been  aM-uftoiRed  — bxt  mijp  noc 
MeflB>Ad«r  Hi«m  aiatfogcthtrfodccifiveofall  a rgu men H  upon  ^^l  "_"""'''*''" 

In  a  gmi>ril  wb«  then  ific  cKperimenlt  of  t)r,  Irvjite  were  Account  of  Dr> 
nndoAcd   111  the  tnllowpng  manner.     Tlie  caiiacity  of  water ''•*'"' ^"""^ 
lang  taken  >I  unity,  (nini  tvc/e  uk-il   to  alcerlaitl  thccapaci-mg. 
lie*  tti'  nMm-vfy,  >iv«r  fand,  pouiutcd  f,\at%,  and  iron  tiling;^.  TfaecipKitiu 
wiib  rcfptcl  lo  W3i<:i,  and  confrqiiemly  lo  each  other  in  the  f,^'"''"^j,j 
mOamij  iamnasr.     It  i<  al  prefent  ot  nii  iaiporlance  ivliai  pro-  fUti  md  iron 
poiiional  quanlilio  of  ihe  roalcrialt  were  employed.     Tliii  ^'''^"*^" 
heoifr  done,   the  capaiJIy  of  one  of  llicfc   fubflances  was  ex-  refpea  lo  wilef» 
perusmtatlr  compared  wiifi   that  of  pounded  ice  or  fnow. — 
Ei-ery  ptecaulion  wa«   ufcd   lo  enfure   fitcccls.     The  weight  One  of  thcfe 
«nd  capacity  of  the  vcllel  was  deiermined,  and  Ihc  colder  and  ^'nrd^gilVft 
JkUtft  body  alternately  added  to  the  other.     1'he  tetnpsrdtiira  pounJoi  ice  it  ■ 
-•f  tJw  air  w««  always  below  S'J.  aj  wa*  that  of  all  the  male-  J;"''|j"''"J'/., 
ml*  and  of  the  vefle).     No  water  could  therefore  be  formed,  under  ji*. 
In  ht«  6'(i  e>:  peri  me  Ills  1  ixrtieve  Dr.  Irvine  ufcd  mercury,  but 
slierwards  1  know  dial  he  preferred  iron  tilings  and  fand.    Fot 
■uii>|i)r,  if  the  vlTel   and   room   were   at   11°,  let  half  an  Biunp^* 
wtncc  of  powdered  ice  from  diflilled  water,  at  temperature 
Kl"  be   poured  on  four  ounces  of  iron  filings  at  11",  let  the 
taperWnte  nf  ihu  mixtiire  be  noted  after  Dining,  ihe  due  al. 
luwanoe*  node  Ibr  ihe  heal  gamed  by  the  velli^l  and  the  air, 
and  a  proper  criculalion  made-     Let  tliii  experimetit  be   re- 
veiCed  by  tooling  the  ice  to  11",  and  pouting  the  iron  (ilingt 
at  311°   opon  it,  and  kt  a  calculation  from  this  be  compared 
witli  Ihe  furmcr  and  corrected   by  it.     Finally,  let  iheie  ex- 
periment* be  compared  w  iih  olhet*  where  different  quantities 
•if  maiurult  arc  ufed,  and  of  dilVcrenl  lemperatares,  and  you 
hare  a  ri«w  of  the  mcllm  1  eoijiloyed  for  di'terniining  tliis  point 
by  Dr.  Ir»ine,  which  does  nol  8p)>ear  to  be  otijeflionablo  upon 
Mbet  giounds  than  all  experitnenti  lor  afcerlaiiiing  capaciiioi 
■re,  none  of  which  Ijave  any  pielenfioni  lu  perfect  accuracy. 
I>t.  ItviocMv*  lar  litum  being  fatttlied  thai  iiis  esperimcnis 
w«e  ■TtatUmalicall)'  prccifc.     But  he  unifiirrnly  found  the  ca- 
pw.'ily  of  no  to  be  Icf*  ihan  that  of  wattir,  and  that  in  a  greater 
T»lio  llian  «  generally  allowed. 


L. 
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The  common        With  refped  to  tlie  common  notion  that  experiments  on  tte 

*nd*^*ter  l^ng  ^P*city  of  ice  are  made  by  mixing  it  with  water,  it  is  alto- 

dire^ly  tppKed    gcther  falfe  in  the  cafe  of  Dr.  Irvine^     No  doubt  this  may  bd 

«nfwwie?w»d    ^^"^  theoretically.     It  is  cafy  to  fay  that  ice  lofes  fo  many  de. 

impsadicaUe.     grees  which  heat  water  only  fo  many.     But  then  no  ice  muft  be 

melted,  which  if  not  impoOTible  is  extremely  difficult,  or  whal 

is  equally  fo,  the  quantity  meUed  muft  be  found,  and  an  al* 

lowance  made  for  the  latent  heat,  which  is  itfelf  not  precifely 

afcerlaincd,  at  lea  ft  not  with  fufficient  accuracy  for  this  pur~ 

pofe.     I  have  only  to  add  that  this  gentleman's  enquiries  would 

have  been  earlier  noticed  if  I  had  been  informed  of  them, 

which  I  was  only  a  few  days  ago. 

W.  IRVINE. 
April,  1805.' 


XII.  ^ 

Sitort  Account  of  fome  qf  tlte  moft  remarkable  FaSt  and  Ohftrva* 
vtuiom  in  an  Aerofiaiic  Voyage,  tiuide  from  Feterfiurgh,  by 
MejjYs,  Robertson  ai(f  Sac  HA  ROFK,  under  the  Sanction 
of  the  Imperial  Academy.     W.  N. 

Aeroftatic  toy-     X  HE  notice  of  an  aeroftatic  voyage  performed  by  Meftrs* 
J^^J^*  ^**''^"  Roberlfon  and  Sacharoft' from  Pelerft)urgh,  under  the  direaion 
of  the  Imperial  Academy  of   Sciences,  June   30,  1804»  of 
which  an  abridged  account  was  given  to  the  National  Inftitute 
of  France*,  is  very  interefting,  from  the  fcientific  views  and 
condu^  of  the  managers  LfOwilz  and  Robertfon,  as  well  as 
for  its  other  particulars. 
Aftent  of  the         Their  balloon  was  a  fphere  of  30  feet  diameter,  and  rofe 
obferven.  ^^  ^  quarter  paft  feven  in  the  evening,  with  the  afcenfionai 

force  of  one  pound,  the  whole  weight  of  folid  matter  (includ* 
ing  1 10  pounds  of  faiid  for  hallaft)  being  622  pounds.  When 
they  were  over  the  river  Neva,  at  the  elevation  of  108  toifes 
or  620  feet,  they  defcended  a  little  by  the  condenfation  of 
the  gas;  but. rofe  again  by  throwing  out  a  little  of  the  hallaft. 
The  ufual  phenomenon  of  a  flow  rotation  of  the  balloon  pre- 
tented  itfelf,  which  doublleilt  arofc  from  the  unequal  action  of 
the  air  againft  an  irregular  fuiface,  as  we  fee  in  moit  other 
bodies  rifing  or  falling  in  a  fluid. 

*  Infcrted  in  the  Annales  de  Chimic,  LII.  121. 

But 


ABIOITATIC    VOV4GK. 

B  oJ*  (he  moli  flriking  drcumRancct  attending 
njafeh  Ibeialional  mrjn*  wliidnhcfc  piiilofopen  madeiifc^ir™^'' *. 
•f  (odeiefrairie,  anH  in  n  clt lain  degree  inrcgulalclheircourrc. 
T}iiey  made  ufe  of  two  inflrymenis,  a  log  and  b  iclercope.  Tlie 
hf  confiOed  of  two  Iheet*  nf  verv  ihin  paper,  blacked,  and  — vf  pifVr  ft*< 
ixed  U  tight  an^kt  lu  each  oilier  bv  a  vvty  light  croU  of  '--  t  - 1 

wood.  This  was  fufpcnJcd  froiTi  iheir  car  by  a  Uting  ol'  fixly 
ttet  in  lenxlh,  and  affording  ■  ditfercnl  reliance  lo  ihe  aic 
that  of  Ihe  balloon  iifdf.t  it  wai  fuuiid  lo  draw  the  firing 
il  of  the  perpendicular  direction,  or  as  iltc  rtarralori  fay,  to 
httltoon:  Td  that  by  iii  pufilinn  dHcrniined  by  com* 
Ihey  coold  afcerlaln  what  direflion  (hey  were  purfuing. 
ilt>(bewedby  its  reblivi.- riTe  and  fall  wliellier  Iheopparalui 
H»i  derc«niiing  or  afcending,  belore  their  barometer  had  indi- 
cated ihe  Qighlefi  change. 

Their  Iclefcopc  wat  applied  lo  (hew  tlie  direflion  of  their  Ptrpmficulii 
cmufe.  and  roitft  have  been  much  lefs  lubjefl  to  douLl  "'•a"  "h'J^^J'j', 
their  Ing.      lis  applicalion  would  be  univerfal  and  perfe^,  if  cnutle  mi)  vilo> 
Iheeaith  could  be  feen  at  all  liinen  frnm  the  elevated  region) o(  "'J '"'™  ''*" 
tbe  air.     I(  wai  direfied  perpendicularly  downwiirUs  by  nieaoi 
Vf  «  plumb-line,  and  hawingaconfiderahle  magnilytng power, 
tbe  objeAc  upon  the  fiat^eof  the  earth  -were  (een  moving 
■crof*  ill  licld  of  vieiv,  anA-(heir  dire^ion  would  moft  clearly 
sfcwiain  (liat  ol  liie  car  idell'.  and  alfo  iti  velocity.     If,  for 
nample.  the  magnihing  power  were  lifiy  timet  and  ihe  lield  InveftitKionor 
ot' Tietr  one  degree,  the  vifible  fpacc  included  in   that  field  ^, 
from  an  elevation  of  two  mi!ua  would  be  about  lUO  feel  in  di-m 
smeter.  in  wliid)  objefls  of  fiv  or  fcven  inclicf  broad  niighl  be 
»ery  well  diflingoiftied  through  a  favourablu  almolpliere;  and 
«1  fo  low  a  velocity  as  one  mile  an  hour  the  whole  field  of  view 
•vmild  bo  paired  over  in  about  twelve  fecondt.     Hence  we  fee 
that  Ihe  method  alforda   a  con&dciable   degree  of  accuracy, 
and  will  not  in  general  recjuire  any  great  power  ul  magnitytng 
a  ddicacy  of  obfervation.  The  compulation  would  be  founded 
on  lli«  following  ^tob\em,  which  will  not  prefpiil  any  difficulty 
(€>  tboTe  who  arc  acquaiiilcd  with  lllefe  fiibjefli,  if  (he  phyQral 
allowancvi  fur  Kniperaturo  in  baromclrical  admeafuremenis  ba 
pdmtlled  (0  be  ooirea  enough  tor  lhi<  purpofc. 

f  Or  r»tb«r,  |iefhap»,  b«auf.not  «sflly  in  ihtfsmccurrenlof 
•iiM>r,>htK.    N. 


1(4  AEROSTATIC    VOYAOI. 

PMUtm  kir  Citen  the  temperatttre  oo  thi^  earth  and  in  the  car,  the 

•^2*^2****    height  of  the  barometrical  column,  and  tlie  time  etnfJoyed  in 
billoon  by  obf.  tlie  apparent  tranfit  of  an  objed  on  ihe  earlh  throogh  a  given 
through  a  tefe-  angle  or  field  of  view;  to  find  Ihe  velocity  of  the  obferver. 
t^A^ttidrefalts     ^ov  pradice  it  would  perhaps  be  fufficiently  exad  and  con- 
fer pra^lice.        venient  (o  compute  a  fnall  table,  in  which,  negleding  the  tenw 
perature,  the  velocity  in  miles  per  hour  might  be  had  by  in« 
ipedion,  when  the  height  of  the  mercury,  the  time  of  tranfif^ 
and  the  magnifying  power  were  known. 
The  obferved        The  aeronauts  having  noticed  by  their  inflruments  what 
%oMt{tp  kc»       were  the  dircdlion  of  ihe  currents  of  air  at  difierent  heights^ 
found  thcmielves  iu  one  which  carried  them.direfily  towards 
the  Baltic.     They  therefore  defcended  till  they  faw  by  the  ba« 
Fometer  that  they  had  returned  to  a  current  which  carried  them 
inland;  and  afterwards  again  rofe  much  higher,  and  faw  with 
great  preciiion  by  their  teiefcope  the  infiant  of  their  quitting 
A  pigtoa  tct      the  gulph.     When  the  barometer  ilood  at  24  inches  they  let 
$/>•  go  a  pigeon,  who  flew  with  difiicuity  and  would  not  quit  the 

balloon;  but  upon  being  precipitated  he  in  vain  endeavoured 
to  regain  it,  and  at  length  descended  rapidly  towards  the  earth. 
The  dip  of  the  At  ^^en  at  night  the  balloon  had  rifen  to  an  height  indicated  by* 
mignetic  needle  ^^  rncbes  of  the  mercurial  column,  tlie  thermometer  ftandinff 

js  left  at  gitat  .  r    r  .         i 

heighti  in  the     »t  4f  degnaes  (I  iuppole  centigrade).     Here  it  was  that  M* 

^f  Sacbaroff  carefully  obferved  a  phenomenon  which  had   been 

^  before  remarked  by  M.  Robertibn  in  his  afcent  from  Hsmburgb* 

but  at  a  much  greater  elevation*     Their  dipping  needle  was 

deranged ;  bat  on  infpedling  the  common  compafs,  its  needid 

was  found  to  be  no  longer  horisontal,  the  north  end  being 

This  may  sffbrd  elevated  near  ]0  degrees.     On  this  plienomenon  they  remark 

ini*th«  hSthtt  ^^^^  ****  magnetic  atUadlion  probably  diminifliing  as  thefquare 

^^  of  the  diflance  may  afford  additional  means  of  dircQing  future 

•obfervers  in  thealmofphere,  and  even  determine  the  elevations 

independently  of  the  t)arometer.     From  the  preient  devation 

•  pigeon  being  thrown  down,  fell  fo  diredly  that  it  was  doubted 

whether  he  could  have  readied  the  earth  alive. 

gingqlar  echo         Darknefs  coming  on,  it  became  neceflary  todefcend,  during 

of  the  voice       which  the  obferver  repeatedly  made  an  experiment  which  alfo 

heard  from  the  r     *     i_       r  *.     *'v*     -  •     .l        •  n 

earth  at  the  dif-  promiles  to  be  OT  great  utility  to  voyagers  in  the  air,  as  well  as 

tanceuftwo      to  enlighten    our   conclufions   refpedting   the  phenomena   of 

^^'  found.     When  they  fpoke  through  a  trumpet  diredted  towards 

the  cartbi  the  voice  was  returned  with  extreme  precifion  and 

without 


wiUiiaat  fccming  to  haire  loO  any  pari  of  il  <  inlrnflly.     No  re-  Va  nha  bat 

|Mitiun  wat  maile  e\cept  when  the  irnmpei  was  direfted  'o",^^J^J[^ 

llw  etnlii  arid  (lie  iniervaU  of  rufli-ciiun  wefc  diribrciit  ar-:„  tbc  eodi. 

tioAing  10  itiu  c]«vaijf)n  of  llie  obfcrverii.     The  perrwiSon  irn- 

ptelM  on  tlic  uir  by  llie  found  every  time  produced  ■  &'tght 

snditlalfnii  in  tlic  ai^rollal;  wdence  llitnv  deitiicc  an  itifcri'ni.-c 

in  faraut  €»t  ihe  fu)ipo>ed  efficacy  of  cannon  in  pafil\  miidily- 

WK  or  aVerltng  the  ilifcharge  of  llurmy  clouds.     In  ui>c  of  tbeif 

«if>Cfia)enl«,    the  t'onnd  cmpluyed   tun   fecoiid*  in  il4  return, 

Mieh  would  give  a  diflancc  □!  aboiil  I  wo  milet  init  and  home, 

if  Ihe  fame  law  ol'  ihe  vebcily  of  found  were  fujipored  lo 

pfvnil  in  fhc  perpendicular  cnurfe  at  alon);  llie  furlji.'e  of  Ihe 

■nil,   which  however  does  nol  teem  likely,     Tlie  baromeier 

faod  iKcn  U  2T  inches,  and  at  Iheir  oulfet  tl  wai  al  30  inchea 

•i  the  gfound.     It  would  be  eafy,  and  it  it  furely  ddirable  lt> 

milk*  tmperlmenls  with  cannon  and  Hop  waichei  on  the  vek>> 

tiyof  alccodinj;,  and  if  poifible,  ilt-rceiidrng  fouml. 

Thi«  refiefiion  ol  found  or  etho  h  a  fulijeft  ol  wry  fn*^'  The  ftrFntth  sf 
cariofiiy.     'I'here  i«  perhaps  no  <rther  infiance  in  nature  where  J'^',''^J^„!Ji^a 
(a  edended  a  wait  of  rcHcfiion  mn  be  had.     I  am  dilpofcd  to  an  ihc  A.lia^b  ■ 
ftink  thai  the  apparent  inlcnfily  of  llio  relumed  found  may  in  "  <!«''«"''»■• 
fiiae  meafure  lixvc  depended  on  ihe  perf<.-£)  filence  in  which 
lb«  /peaken  were  placed.     In  a  Itill  nighl  Ihe  cenlinels  on  Ihe 
nopans  at   Porilm'nilh   may  be  heard  ai  ihe  I(le  of  Wight 
tnwridifbarM:^  of  live  mtlex,  end  there  are  numerous  inltaiices 
•f  low  foanil*,  fuchas  thebealing  of  a  clock  or  walch,  or  ihc 
bund*  tif  fiiolDeps  being  lieard  to  coitli durable  diflancet.  when 
Mbar  foond*  do  not  a&  on  the  organ  ol  fcnl'c.  * 

In  Iheir  ddceni  lo  Ihe  earth   lliiy  palTcd  through  various  SudJcpi  r!fc  ftf 
flrau  it  fapoo",  ail  of  difTerent  lempcraiuie*.  and  at  the  in-  '•'"  ih*"n|>n«i« 
Aanilho  e»(!h  came  in  tight,  the  thennomelernarit^d  upllirougli '  ' 

bven)  degrees,  probably  bucaufe  they  had  quilled  a  cold  mafj 
of  VBpMif  which  obfcured  their  view,  or  pi:rhap«  bccaufe  the 
faiiiant  heat  of  the  canh'j  forlacc  might  at  that  moment  have 
rodied  tliom  unimpaired. 


•  Sea  a  curiuii*  paper  of  M.  Perrelc  o 
tioM  tbcfeoD,  in  the  firit  Vol,  of  ourigmii 


found,  with  the  ani 
B  Journal,  pagcfl  I. 


5^  MR.  CUT9BBET«01f  OK   ttlCXRIClTT. 
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XIIL 

Letter  from  Mr.  Cuthb$rtson,  coraamng  JUtiiarkt  on  Mr; 
Wm.  Wilson^s  and  Mr.  Haut's  Experiments  on  the  Elee-^ 
tricUy  of  Metals. 

To  Mr.  NICHOLSON. 

London,  ^i,  Poland-Str^p 
Dear  Sir,  JprU2^,  1805. 

Mr.  Wiifon's      1N  your  valuable  Journal  fpr  January,  page  42,  you  have 
exptrmcnts  on  favoured  US  with  a  leUer  from  Mr.  WiHon,  containing  fome 
'         experiments  which  he  calls,-  exfubiling  the  eie^ripUy  of  m^alt* 
rtf  copper  fifted      Mr.  \yilfon  fays  in  his  table  of  experiments,  that  ccjppor 
through  *inc,     gjj^g^  ^^p^^^  through  zinc  is  pofitively  eledrified :  this  is  ai^ 
error  which  I  thought  myfeif  obliged  to  lake  notice  of,  as  it 
is  a  dired  contradidion  to  what  I  have  afferted  in  f/iy  e^amtRa-^ 
tion  qf  Sig.  Volta's  experUnentSf  which  he  ^alk  fundamental,  ^nd 
on  which  his  theory  rf  galvanifm  refts ;  fee  tiis  Journal,  vol,  II. 
contTflvcftfd      pa^c  28 1 ;'  I  have  faid  therein,  that  if  a  plate  of  zinc  be  fep»- 
pwiment-ot  con-  ^^^^  ^'^^  *  coppcr  One,  it  will  be  pofiijve,  confequently 
X7k£i  and  fepara-   leave  the  copper  negative  if  infulated  :  whether  this  expert- 
^^"*  ment  be  performed  as  I  have  therein  mentioned,  or  according 

to  Mr.  Wilfon,  the  one  reduced  into  filings,  apd  afterwards 
fifled  through  holes  made  in  the  other  metal,  the  eledlricity 
excited  mufl  fall  under  the  fame  denomination,  the  difference 
will  be  that  the  quantity  of  eledtriciiy  excited  will  be  more  by 
Mr.  W.'s  method  than  mine,  becaufebe  has  multiplied  the  fe^ 
pa  rations  a  fa^  v\cll  worth  notice. 
Conu£^  and  Af r.  W.'s  chief  objedl  in  view  feemingly,  is  to  prove  tha^ 

d^^^h^  f  dil  *^®  feparation  of  metals  is  the  caufe  of  the  electric  fluid  being 
ilscei  excited  and  not  touching.     I  cannot  perceive  that  thefe  ex<^ 

periroents  throw  any  light  upon  that  fut)jed,  as  both  (ouching 
and  feparating  are  here  employed, 
but  neither  aft  In  my  fecond  volume  on  eledlricity,  publiQied  in  Amfter-r 
wiUdflaToiic.  ^^^^  g^^^  j732,  I  have  proved  by  experiment  that  neither 
{ouchir^  nor  friStion  feparately  employed  excites  electric  fluid, 
fridlion  and  feparating  joinfly  employed,  is  a  powerAiI  excitei' 
of  eledlricity  on  glafs;  touching  and  feparating  jointly  em- 
ployed on  glais  excite  eleAric  fluid  in  a  flight  degree,  and 
only  when  the  flale  of  the  atmofphere  is  favourable. 


KCItHTIflC    Mints. 


n 


b  Ibe  Philofophical  Mipzine  for  Nov.  iSOi.  pgc  I20,K.ay')oW.  a* 
wtavcMr.  H^aji'soblirvaiionium  itieeleftficiij- (if  melillicJJ'j^'  "**" 
bbcuncc*:  f>c  don  doI inform  us  wliai  lhsp«  hii^/MT  p'rcc«i 
■nor,  or  wrhelhsr  ihey  were  pure  ot  willi  alloy  ;  he  howctw  impfrfta. 
daciiwi  hetilate  in  pronouncing  of  il  lo  be  )>nlitiv<:I^  elodri- 
M  by  fitdkon ;  To  that  it  doM  nol  feem  that  he  hat  <f nlt^red 
i^f  ividc  inio  the  fubjcfi,  or  he  would  have  perceived  fome 
mnaiLable  diwigcs  to  lake  place  in  ihat  meial  by  fii^ion,  Sio;dar  cfftft 
and  pviicolaily  in  coins.     They  will  change  from  pofilivc  10^/"    '"f^""** 
cegalivc.  »ad  vict  TttjU,  witlioul  any  vifiblu  catife.     Ifadal- 
b(  and  a  lialf-ciowo  be  fluck  lo  ihe  ends  of  two  tlicki  of 
tEililig.-wax,  and  tubbed  feparately  upon  woollen  clolh,  iliey 
will  be  fopnd,  after  the  fiidion,  T'lmctimes  pulUive  and  furoe. 
uaiet  ncgalive,  and  fomeiimea  one  pofiiive  and  the  other  nc- 
plive,  wtilKiut  vatjm;;  the  manner  of  Irictioo.   If  pure  filvcr, 
or  filvcr  with  difTcttrnt  prcporliont  of  alloy,  be  melted  down 
lo  a  baUon,  and  ufeJ  in  llial  lliapo,  or  hammered  Rat,  rept&- 

ICcDiing  coin,  tjiey  are  for  tlie  moll  part  potitivu  by  frifiion. 
Tbefe  expcrimenls  upon  metala  are  not  new  ;  I  believe  lti«jr 
*rei«  fitii  begun  by  Mr.  Hcnly,  and  infeitcd  in  the  Philofo- 
i|Ural  Tranfafliunt ;  but  I  have  not  the  dala  at  hand)  and  I 
ijpnot  Dot  remember  iliat  he  had  obferved  (he  above-mentioned 
|rafKily  pf  ihii  niclal. 


SCIENTIFIC  NEWS,  ACCOUNT  OF  BOOKS,  i^c. 
Note  oa  the  A'«u  Planet  Juno. 


1  HAVE  not  had  any  late  account  of  Ihe  new  planet  an-  Plum  Juno. 
Mnnced  at  page  301  of  our  9th  volume  {Dec.  1 30i)  in  a  lel- 
tn  from  M.  Bode.  The dilcuverer's  name,  whois  Mr.  Haid- 
in|;  of  Lilienihal,  near  Rremen,  was  not  then  mentioned. — 
¥m  Ibo  piefcnt  1  Rive  tlic  following  nolei  from  llie  Jouinal  de 
Pbyfique,  Therm idor  la fi. 

On  Ihe  5lh  of  Suplt-mSer,  ISOI,  iln  right  afcenfion  was 
\*  i'if;  declination  0°  ll'noilh.  M.  Burckhardi  obferved  it 
on  Ibe  23d  of  Seplcmbcr  al  3J9'  7'  and  +"  fi',  whence  he 
concludet  Ihat  Iheduraiion  of  as  revolution  is  tive  year* and  a 


half.     Il»  inclination  21° 

cxccniriciLy  or 

e  (|iiartcr  of  its  ra- 

diu>i  mewi  di^ancc  fcou 

he  fun  Ihtee  liir 

es  gtoalcc  tlian  that 

of  fbe  earth. 

56  ^ciBffTircc  itcfrt. 

lU  diameter  could  not  beiBeaftired»  bat  it  appeared  like  a 
Aar  of  the  eighth  magnitade.  It  feeros  nearly  equal  to  that  of 
Ceres,  or  the  ptanei  difcovered  by  PiazsL 

Difcovcnf  4^  fliiorie  Add  in  the  Topaz.* 

Sason  topae  IN  the  year  17^,  M.  Vaaquelin  analyfed  the  Saxon  topaz; 

nt^ykdhf  mj^  found  its  conftituent  parts  to  be,  lilex  31,  alumine  C8. 
BrsfitUnby  ^l'**  I^efcotits  foon  after  examined  the  Brafilian  topaz;  but  as 
X>eftotiU*  there  was  a  lofii  of  l^per  cent,  in  his  firfl  anal)ns,  and  12  in 

hit  fecond,  he  did  not  think  fit  to  publifli  the  refults  of  his  la- 
bours at  that  time;  and  other  circumftances  prevented  him 
iirom  purfuing  the  inquiry,  as  he  had  intended. 
Kbproth  dif-  Not  long  ago  Mr.  Klaproth  wrote  to  Mr.  Hauy,  that  he  had  ^ 

covered  fluoric  found  iluoric  acid  in  the  Saxon  topaz.  Mr.  Laugier  made  fe* 
Suoa^topax.  y^^^l  experiments  to  verify  this  difcovery,  but  without  fuccefs. 
It  is  true  in  the  analysis  with  potafli  he  found  a  deficiency  of 
Su)phuricaci4  16  per  cent,  but  though  he  reduced  the  topaz  to  an  inipalpa- 
incapable  of  ex- 1|]^  powder,  and  did  all  he  could  to  expel  the  fluoric  acid  from 
*  it  by  means  of  the  fulphuric,  he  was  unfuccrfsful.     Mr.  Vau-*" 

quetin  on  his  return  applied  himfelf  to  the  fame  refearch,  and 
we  here  prefent  tlie  refult  of  his  labours.     Not  knowing  \yhat 
procefs   Mr.  Klaproth   had   employed,  he   tried    that  which 
Vau^ueim         Icemed  to  him  mofl  likely  to  fucceed.     He  fird  heated  the  to- 
treating  the        p32  with  cauHic  potafli  in  a  (ilver  crucible  in  the  ufual  way, 
jifli  and  fulphu-  After  he  had  diluted  the  mafs  with  water,  he  introduced  it  tnt9  * 
ricacid  exjr'cUed  j^  retort,  and  poured  on  it  fulphuric  acid.     White  fumes  foon 
arofe,  and  thefe,  being  collected,  exhibited  all  the  charader- 
iOics  of  fluoric  acid  combined  with  iilex.     TUc  latter  came 
almoft  wholly  from  the  (lone,  as  the  retort  wa;»  not  perceptibly 
attacked  by  the  acid. 
The  Brafiiiaa.         fhe  fame  experiment  with  the  Braiilian  topaz  gave  the  fame 
£^*  'fult         refult  J  and  there  is  every  reafon  to  believe,  that  the  Siberian^ 
which  Mr.  Vauquelin  is  now  analyfing,  will  afford  the  fame 
produ£ts«     Thus  we  may  now  cunfider  this  gem  as  a  filiceous 
compound,  confiding  ol  fluoric  acid,  alumine^  and  Qiex,  or  a 
Topai  a  tme      true  alumino-filiceous  fluate;  and  the  difcovery  mull  be  conti* 

4ilumino  filiceoos  Jered  as  of  the  highefl  Importance  in  mineralogy, 
ftutte. 
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Ur.  VaiiqociiA  next  inquired  what  nigbt  be  th^  circam-  Circvnftaace 
isDoe,  that  led  kim  into  an  error  when  he  firft  janalyfed  (he  ^„^„^^„^i„,^ 
topaz;  and  he  imagincfi,  that  it  wast  his  Ireaiiog  the  alcaline  firft  aiuijfit. 
naff  vrilh  morialic  acid,  infiead  of  employing  the  fulphurtc  { 
and  that  probably  not  heating  it  to  a  futiicieut  degree  to  expel 
dw  fluoric  acid,  from  fear  of  decompofing  tlie  mariate  ol'alu- 
mine,  he  precipitated  the  fluoric  acid  combined  with  the  alu« 
nine,  when  he  added  anHDOoia  to  (eparate  the  alumlne  iron 
its  muriatic  folution* 


Mrmtdnatiim  <^  Crude  Platina,  hy  Mtjfru  Tevkant  ODd 

WOLLASTON.* 

THE  editors  of  the  iimfoley  de  Mu/tum  obferve,  tliat  pla-W*t3iia. 
tina,  when  taken  from  the  mine,  appears  from  the  escpcriments 
of  DeCcotils,  Fourcroy*  and  Vauquelin,  to  be  mixed  with 
iron,  chrome,  and  other  metals,  among  which  may  be  one  or 
two  that  are  new.  Mr.  Tennant  has  given  names  to  4  wo,  and 
Dr.  Wollafton  to  two  others;  but  the  French  journalifts  con- 
gratalate  their  countrymen  for  being  lefs  hafty,  and  waiting  till 
tbey  are  a(fiired  thefe  new  metals  really  e^ifl. 

Przze  2iufiioH3  in  France^ 

The  Society  of  Agriculture  and  (he  Arts^  in  the  department  P""  quelKoa^ 
of  the  North,  propofes  for  the  fubje^s  of  two  prizes,  which [^^^„ 'i^^aoa 
(hall  be  adjudged,  the  fird  in  the  fird  of  Fru6lidor,  in  the  year  the  colfai. 
XIII.  and  the  fecond  in  the  firfi  fortnight  of  Frudtidor,  in  the 
year  XIV.  the  two  following  queflions ; 

flrft  Quefiion,'^"  What  method  of  propagating,  rearing, 
feeding,  and  houfing  the  flieep  of  the  race  now  exiding  in  the 
department  of  the  North,  ought  to  be  followed  in  this  depart* 
ment,  to  obtain  wool  from  ihefe  animals,  equal  in  quality  to  the 
beft  wools  from  Englifli  (beep  ?" 

Second  ^uefiion, — An  infed  known  in  the  country  under  the 
improper  denomination  ofpucerm,  hasthisand  feveral  preceding 
years  attackedand  dellroyed  the  greater  part  of  the  flowers  of  the 
cotasa. — "  What  is  this  infed  ?  Under  what  generic  and  fpecific 
oame  have  the  moil  celebrated  naturalifls  defcribed  it  ?  What 
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IS  its  life^  either  in  the  flate  of  coleoptera  in  which  it  is  (hand 
on  Ihe  colza,  or  in  the  (late  of  larva  ?  What  natural  enemies; 
what  artificial  means  of  deftrudion  can  be  oppofed  to  it  in 
either  ftate?  Generally,  what  care  can  preferve  the  colza  from 
its  ravages  ?'* 

Each  of  thefe  two  prizes  will  be  a  gold  medal  of  the  value 
jof  150  francs. 

Rujftan  Circumnaviifation. 

|t|i(B4n  Toyage       By  a  courier,  expedited  by  the  governor  of  Kam  fchalka,  news 
^^M  the  world.  ^^  received  at  Peterfturgh  0*1  the  21  ft  of  December,  that  ihe 
V  veifels  belonging  to  the  expedition  round  the  world  under  the 

prders  of  ^^•  de  Krufenfkrn,  had  arrived,  on  the  26th  of  July 
fail,  at  the  harbopr  of  Peter  and  Paul,  jn  Kamfchatka,  an4 
jthat,  up  to  thi^  tiipe  M.  Krufenflern  had  not  Ipfl  a  fingle  map 
of  his  retinue,  nor  had  he  any  (ick  in  the  fquadron.     In  his 
voyage  he  had  vidted  the  Marquefas  and  Sandwich  Iflands^ 
M.  Krufenilerp  purpofed  failing  for  Japani  towards  the  end  of 
Augufl. 
%»fopeaiss  found     At  one  of  the  X^arqi^efas,  where  the  veflfels  (lopped  a  few 
•5^ 'J*"^"^*  days,  he  had  taken  on  board  a  Frenchman  and  an  Englifhman, 
ten  their  own     to  bring  them  back  to  Europe.     Captain  Krufennern  fays  he 
hngt^ge,  |,2^(j  not  yet  been  able  to  difcovcr  how  thefc  two  individuals 

bad  come  to  this  ifland;  both  ot*  them  having  completely  for* 
gotten  their  original  language.  He  thought  however  tjiat  he 
could  comprehend  that  they  had  arrived  there  on  board  an 
American  veflfel  which  had  been  (liipwrccked  on  the  coaft. 
The  Frenchman  fpeaks  the  language  of  the  iilandefs  very  vicWf 
and  has  adopted  all  their  cutloms^*  habits  and  manner.  There 
.,  is  DO  doubt  that  they  will  foon  recover  the  ufe  of  their  language, 
in  a  daily  intercourfe  with  Europeans ;  and  that  they  will  thep 
be  able  to  give  an  account  of  their  adventures^  as  well  as  in- 
formation refpeding  the  idanders,  among  whom  they  have  lived 
fo  long.     At  lead,  this  is  expected  with  impatience. 

« 
Geological  Journey  from  the  Academy  at  Warjhw, 

toumin  of  dif-       The  Society  of  the  Friends  of  the  Sciences  at  Warfaw  have 
eovery  in  mine- charged  two  of  its  members,  M.  Carteau  and  Stacio,  to  under- 
lalhlftory.      *  take  a  mineralogical  and  phy(ical  expedition  into  the  Carpa- 
thian mountains.     Another  member  of  the  fociety  has  already 

examined 


'n: 
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ttlmi4i4  the  eailoiii^:  pvlLlpf  Ummd,  with  relation  lo  miAer^ 
akigri  f^mooy  and  br>d<^g|]!ofy.,  .At  this  time  he  is  Iraveiiiog 
orer  Ike  iMpntains  in  Cfaeiflleri«iri)f  Auflria,  from  whence  he 
wSl  proeeri  to  upper  iMMMpd  (o  the  Alps  of  SwitzerlancL 


When  this  journey  is  co»|iW$i3,iJ)e  will  undertake  another  to 
Caucsfus. 

Ldande^M  Propojhi  qfa  new  Scale  qftlu  Theruiomctcr^ 

M.  de  Lalande  propofes  to  adopt  a  thermometer-fcale,  which  ^ev  ^le  of 

lull  remedy  all  the  inconveniences  of  ihofe  now  in  ufe.     His  ""^ "'"'****'• 

mean  point  is  taken  from  the  natural  (late  of  the  globe,  which. 

k  fixes  at  9§  degrees  of  Reaamur's  thermometer,  and  he  takes 

the  10  millionth  part  of  the  volume  of  mercury  for  the  meafuro* 

ofadegree.  Among  the  ad  vantages  of  th  it  infirumenthe  reckons 

a  fimprmcatjon  of  expreilion,  which  will  give  a  facility  to  com* 

prebending  what  was  before  without  meaning  to  the  public* 

For  example,  the  degree  of  heat  of  common  fummers,  and  the 

degree  of  cold  of  our  mean  winters,  will  be  both  expreflfed  by 

30:  Tlie  degree  of  40  will  indicate  a  hot  fummer  and  a  fevere 

winter,  &c.;  another  advantage  will  be  derived  from  the  fmaller 

interval  of  the  degrees,  which  will  remove  the  nece(Gty  of 

having  rccourfe  to  fradlions  in  the  greater  number  of  obferva- 

tion^.    The  hoiling  point  of  water  is  -{-  I32®.8  of  the  propofed 

thermometer,  and  —  1\9A  is  the  point  of  the  congelation  of 

mercury.     Ice  melts  at  —  17^.9  and  —  4+^.2  is  the  zero  of 

Fahrenheit. 

Two  Kinds  of  Honey. 

In  a  note  to  Dr.  Delametherie,  Proufl  announces  the  dif-ProQftonhooey« 
covery  of  two  kinds  of  hooey  ;  the  one  liquid*  the  other  dryi 
not  deliquefcent,  cry  flail  izabie  in  its  manner,  and  lefs  faccha* 
rine  than  fugar :  they  are  Separated  by  Ipirit  of  wine,  to  which 
end  granulated  honey  mud  be  operated  on, 

y.  de  Phyfique. 

Palladium, 

Experiments  made  by  Melfrs.  Rofe  and  Gehlen^  and  others  Actemptt  to 
by  Richter,  to  obtain  palladium,  are  given  at  length  in  the  ^'^5?  P»'*«<**»"«'> 
Journal  of  Chemidry,  pubiilhed  in  German  by  Kiaproth  and  ai!d  pU^naT^ 
Richcer* 

Thefe 


^  Aec6vst  of  iio6x^« 

Thcfe  philofophefs  followed  Mr.  Cbcnevix*s  procefs  with 
^eat  care,  but  did  noC  produce  that  metallic  body.  In  the 
precipttalioiT  of  muriate  of  mercury  and  muriate  of  platinaf 
they  had  a  black  powder,  which  always  afforded  the  metals 
feparale  from  eacii  other. 

Richter  was  not  more  fuccefsful.  He  verified  that  th^  gf'ecir 
fulphate  of  iron  does  not  decompofe  either  the  muriate  of 
mt^rcury  or  that  of  plaiina.  The  other  fa6t&  he  obferved  were 
to  the  lame  effed  as  ihofe  of  Kofe  and  Gehlcn.  He  always 
found  tlic  mercury  of  bis  precipitate  feparated  from  the  platins^ 
by  heat. 


Traits  <SIdmentaire  d'Hidoire  Naturelie,  Szc*  An  elementartf 
Treatijc  an  Natural  Hijiorjf,  ^y  A.  M.  C o n  s t  at  Du  m  e'k  r l  : 
Compnjhd  by  Order  of  Govermnani  for  (he  Ufc  of  the  National 
Lyceums,  1  I'ol.  Svo,     Paris  *, 

^femestiry  There  l»  not  one  of  the  fciences,  the  elementary  works  of 

iiOhiftwy'verr   ^^'^  ^*^^  ^^^  ^^  ^^^^  neglected  as  natural  hiflory.     Some* 
4efedLve.  times  this  title  haK  been  given  to  collections  of  talcs  fit  only  to 

amufe  children,  but  not  calculated  to  make  them  acquainted 
with  nature  as  a  whole,  and  with  the  progrefs  of  the  fcience : 
at  other  times  authors  hai'e  entered  into  di  feu  (lions  tooabflrufe, 
or  contented  themfelves  with  a  mere  nomenclature,  always 
dry  and  Hcrile  to  beginners,  to  whom  names  give  no  idea  of 
ilr.  D.  faas  pur- objef^s  with  which  they  are  unacquainted.     Mr.  D.  has  pre- 
lu^dabetter      ferved  a  juft  medium  between  thefc  extremes,  while  he  ob- 
ferves  an  accurate  and  methodicaf  arrangement.     He  makes 
us  acquainted  with  the  whole  of  the  prcdu^ions  of  nature,  and 
the  method  of  ftudying  and  clafling  them,  choofing  for  ex- 
amples in  every  fe6tion  fach  at  are  mofl  remarkable  for  their 
ufcs  or  fingularity ;  he  continnally  excites  the  attention  and 
curiofity  of  his  pupils;  and  he  prefcnts  to  them  a  number  of 
fa£Js  neceffary  to  be  known. 
Hit  airangcment      Jn  this  work  Mr.  D.  has  adopted  an  arrangement,  the  reverfe 
JhT^ftfimpIc   "^  '''^^^ »'  ufdally  employed  in  books  of  natural  hiftory ;  that 
thin^  to  the       is,  he  always  proceeds  from  the  mofl  fimple  to  the  mofl  com- 
mure  cfskpkx.    pig^^    jj^  begins  with  unorganized  fubftances,  proceeds  hence 
to  plants,  and  laflly  to  aniraaN;  and  in  thefe  he  commences 
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With  cnopfiytesy  and  ends  wilh  man.     This  arrsngement  has  k<  adT.-ntafes« 

ttie  advanta|re  itf  inlHlling  ideas  gradually  into  the  mind  of  (ho 

kboiv,  mad  avoiding  a  nomber  of  repetitions  and  ant ici potions. 

The  hiliory  of  organifed  fubdances  gives  liim  an  idea  of  bodies 

■naiixed  with  any  other  ideas :  that  of  vegetables  (hows  himr 

grganizatiun  and  li&  in  (heir  moft  (imple  (hite :  and  (hefe  he 

perc-eives  gradually  become  more  complicated  as  he  afcends 

through  the  difterent  daAes  of  the  animal  kingdom,  fo  that  th« 

faittory  of  each  claf«  is  but  little  more  than  an  expofition  of 

the  or^^os  and  tacallies  it  enjoys  beyond  tbofe  of  the  pre« 

ceding. 

Though  the  difcvflion  of  any  new  idea  feems  contrary  (o(he 
etlence  of  an  elementary  work,  it  is  obvious,  that  fuch  a  work 
rannot  be  well  executed  bat  by  a  man  capable  of  confidering 
the  whole  of  a  fcicnce  in  its  proper  point  of  view.     In  this 
refpeft  the  naturaiifl  will  here  read  with  picafurc  the  article  of 
general  obfervations  placed  at  the  head  of  each  part :  he  will 
diftinguiQi  tiie  hiftory  of  infects,  whi<:h  Mr.  D.  has  treated  Mr.  D.  has 
ahcr  a  new  plan :  and  he  will  notice  the  chapter  on  man,  in  fcS5^  ^  Jf^ 
which  the  author  difplays  the  phyfical  charaders  that  di(lingui(b  plan4 
Maa  lirom  brutes,  and  the  confequences  refpedling  his  mannert 
that  arife  from  his  very  flru^ure.     This  chapter  may  be  con* 
fidered  as  the  conneding  link  between  phylics  and  roeta^ 
ph)li!cs. 

Elensens  de  I'Art  de  la  Teinture,  &c.  or  ElcmenU  qf  the  Art 
qf  Dyimg  ;  uitk  a  Defiripiion  qf  the  Proceji  qf  Bleaching  hj/  titt 
oxi^eaaied  Muriatic  Add.  Second  Edition:  ijr  Cr  L.  and 
A.  B.  Bkjlthollet.     Farism 

This  new  edition  of  a  work  of  the  firf!  merit  and  celebrity  Bertholktoo 
is  fpoken  of  in  (fee  Foreign  Journals,  as  being  conftderably  ^'"*' 
improved  by  the  former  author  and  his  fon.     The  great  perf- 
pirmty  and  order  which  are  feen  in  all  the  produclions  of  this 
eminent  chemifl,  and  his  own  unremitted  labours  in  the  fci- 
ence,  are  a  fure  guarantee  (o  (he  fame  effe^. 


Confiderafions  on  Organized  Beings.  By].C.  Del  a  metii  eRI  Kf 
The  (cieoce  of  f>ataral  hidory  is  indebted  to  M.  Delame-  DeTametherie  on 

ings« 


— •  •  • 

therie  for  feveral  interefting  works  which  contain  ideal  of  ad-  J^^'"' 


vantage  to  the  progrefs  of  human  knowledge.     Befides  the 

5  Journal 
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Journal  de  Phyiique,  &:c.  of  which  he  is  the  tdiitr,  he  b'as 
publiihed  a  Theory  of  the  Earth  ;  a  Treatife  an  Man  ;  differ ^ 
ent  Phyfiological  Viev^s  of  the  animal  and  vegetable  Kingdoms, 
on  Vital  Air,  &c.  In  thii(  new  work  the  author  compares  the 
firu6lure  of  animads  and  plant  si  and  applies  to  vQgetables  the 
different  fyfiems  or  apparatufes  of  organs  a;hd  vital  fundions, 
ivhich  X.  fiichat  has  propofed  in  his  General  AnaComy.  M. 
Delamelheric  has  benefitted  by  the  experiments  and  labours  of 
feveral  philofophers  of  merit.  All^  perhaps^  may  not  adopt 
feme  of  the  opinfoni  he  offert,  the  cdnqueft  of  minds  being 
fiill  more  difficult  than  that  of  hearts ;  but  they»  at  leafl,  de-^ 
(erve  examinaliont  and  may  lead  US  unestpeAed  refuhs. 

Bibliothcqut  de  Somni.' 


To  CORRESPONDENTS. 

Mjf  heft  acknauiledgements  are  due  to  Mr.  D.  who  hat  favoured 
this  tvork  with  a  predfe  ftatanciU  qf  the  elucidation  of  Mr,  Bos* 
w  t  L  l's  fecond propojition ;  but  he  uill  ptrceive  thai  the  paper  qf 
Afr,  GouGH,  which  was  already  printed  when  his  letter  came  to 
handf  has  rendered  it  uniu^ctjpuy, 

I  believe  the  readers  of  this  Journal  will  tliink  with  nie,  that  the 
dijpute  between  C.  L.  and  Mr,  E.  Walker  has  proceeded  at 
haft  0$  far  as  the  interefts  of  fcience  dematut.  In  a  letter  from 
C.  L.  bifore  me^  I  have  Jkppnjed  the  follow ini^  explanatory  jhi* 
tences  to  affurd  no  new  ground  for  dijtvjjion,  tutd  therefore  ex- 
iraSi  theM,  tmd  hope  ike  bMjinej^  will  end  hire,     C.  L.fays  : 

*'  I  cannot  conceive  how  exprrffitms  Jb  plain  could  be  mifun* 
"  derftood,  and  hope  you  vnU  permit  me  to  endeavour  to  make 
**  thetn  plainer  if  pojfible.  I  have  denied  Mr.  Walkku's 
'•  fads ;  that  is,  I  have  denied  the  triilh  of  Am  narrative  refpefi* 
"  ing  certain  fuppofcd  fadtSj  and  J  hare  pointed  out  an  eajy 
"  way  of  convincing  me  and  the  world  that  he  is  not  dtccited; 
'*  namely t  that  you  Jhould  repeat  his  eipcrifnintitf  and  fee  if  wluU 
'<  he  ajferts  be  true.  But  Mr,  Walklr  declines  examining 
*'  the  remainder  of  my  letter,  u7?/c7i  is  an  indiftin&,  though 
**  fufficiet^ly  clear  way  of  faying ,  that  fie  does  noi  choofe  to  r{/k 
"  his  fuppojbd  fads  by  putting  tltem  tofuch  a  trial,** 
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Exptrimentf  on  the  Gafes  obtained  by  the  defiruStive  DifiilUuion 
of  Wood,  Peat,  Pit-Coal,  Oil,  Wax,  fyc.  with  a  View  to  the 
Theory  of  tfieir  Combaftion,  when  employed  as  Sources  qf 
artificial  Light;  aud  including  Obfervtdiims  on  HydrO'^ 
Carburets  in  general,  and  the  Carbonic  Oxide:  By  Mr. 
William  Henry.     ( Communicated  by  the  Authoi\ ) 

X  HE  gas  obtained  by  the  defirtidive  difiillation  of  pit-coal,  Procefs  of  Mr. 
has  become  an  objeft  of  confiderable  intereft  and  importance,  nfinate  by  w4  **^ 
in  confequence  of  its  fuccefsful  application  (by  Mr.  Murdoch,  from  cotl. 
of  Soho,  near  Birmingham*]  to  the  parpctfe  of  affording  light. 
Having  condru^d  «n  Argand'a  lamp  lad  winter,  with  the 
▼iew  of  effecting  the  combuftion  of  the  gas  on  Mr.  Murdoch's    ' 
l^an,  I  made  prevloui  trials  with  pure  hydrogen  ga^;,  wilh  • 
carburet  ted  hydrogen  obtained  by  paffing  vi  '^er  over  ignited 
charcoal^  and  with  the  carbonic  oxide ;  but  iound  that  each  Neither  ln<!ro- 

of  them  burned  with  fo  triflini?  a  production  of  light,  as  to  be  ««?  n©^  w^jon^c 

°  o     '  oxtdc  §!¥•  any 

altogether  unfit  for  the  purpofe  of  illumination ;  while  the  light  notabk  light; 

evolved  by  the  gas  Orom  coal  was  little,  if  at  all,  inferior  to  ^"^,'***8»«/'o«^^ 

'  cotl  is  newly 

c^ual  to  oitd 
.  *  See  the  ftatement  of  Mr.  M't  claim  to  the  difcovery  in  the 

poftfcript. 
Vol.  XI.— JuNi,  180^.  "  F  that 
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that  from  good  fperroaceti  oil.     So  elTenttal  a  difference  in  tn^ 

combudion  of  thefe  gafes,  induced  roe  at  firA  to  believe,  that 

the  gas  from  coal  owes  its  iiluminaling  property  to  fomething 

mechanically  lufpended  in  it ;  but  I  was  afterwards  fattsfied^ 

that  though  it  contains^  when  recently  prepared^  much  that 

This  M  m      is  fublequently  depofiied,  yet  that  it»  quality  of  burning  with 

mach  (though    *  bright  and  compadl  flame  belongs  to  it,  though  certainly 

dimiraflied )  light  with  con (iderable  diminution,  as  a  permanent  gas,  after  the 

fittti  itt**condcn^  ^^P^*^^*^"  °^  ^^^  condenfible  matter.     It  appeared,  therefore,. 

fiblemaner.       worthy  of  invefligation  to  determine,  on  what  the  fuperior 
fitnefs  of  the  gas  from  coal,  for  evolving  lighli  depends ;  and 
to  connefl  the  theory  of  its  combuAion  with  that  of  other  fub*  ' 
fiances,   commonly  employed  as   fources  of  artificial    light*. 

Produ£bby       With  this  view,    numerous  comparative   experiments  were 

buning  the  gas  ^^ade  on  the  rapid  combuflion  of  this  iras  with  oxigenous  gat* 

IftMn  COtJ  with  •  ,  n  €*  99 

oxigcn  «nd  alfo   in  clofe  vefFels^  and  alio  on  that  of  other  inflammable  gafesf 
«cher  gain*        j^d  their  compofition  may  be  inferred  from  the  produds  of 

thefe  experiments,  the  principal  refults  of  which  are  contained 

in  the  following  table  : 

Oxigen  Gas  required 

to  faturate  ico  Carbonic  Aci4> 

Rind  of  Gas*  Meafures.  produoed. 

Table  of  refults.      Pare  hydrogen,             -  50  to  64 

Gas  from  moifl  charcoal,  60  -  •35 

wood  (oak)  54  -  -  33 

dried  peat,  68  -  -  43  ^ 

coal,  or  canneli  170  -  -  100 

lamp-oil,  190  -  -  12* 

wax,          -  220  *  -  1 37 

Pure  defiant  gas,  284  -  -  179 

If  the  meafure  Now  if  it  be  alFumed  (which  I  belieTe  is  as  nearly  as  poC» 
of  carbonic  acid  q^\q  ihg  fji^)  that  in  the  formation  of  each  meafure  of  carbonic 
dulfterfrom  the  acid,  in  the  above  experiments^  an  equal  volume  of  oxigen 

whole  oxigen  gas  ii  employed*,  we  (hall  learn,  by  deducting  the  numbers  in 
employed,  the  ^  .»^ 

remainder  will  '"* 

cw'prefs  the  mea-  /»*..• 

fure  of  oxigen         *  Mr.  Cniickfhank  takes  it  for  granted,  as  the  bafis  of  his  cal- 

which  was  em-  culatlons,  that  in  forming  fix  meafures  of  caibonic  acid,  feven 
?  ?th  h  drocen  ""^^f"*"^'  ^^  oxigenous  gas  are  employed.  This  proportion  I  bc- 
of  the  gas;  and  lie ve  to  be  over-eftimated.  Dr.  Prieflley  obferves,  (on  Air,  2d 
this  laft  doubled  Edition,  III.  377),  •*  I  heated  SJ  grains  of  pcrfeft  charcoal  in  70 
give  the       ounce  meafures  of  dephlogifticated  aiir  when  it  ftiU  remaintd  70  oi» 
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ftc  third  column  from  Ihe  cnrrerponding  one  in  ibe  foconiJ,  mnfure  of  hjr-  3 
*tM  proporrion  of  ilie  cunlumeit  oxigen  haj  been  a|[oti«<l  lo  ^J^^"; "'*'"*"' 
ifce  (aiaraiion  of  ilie  hydrogen  of  taeli  liyrfro-carburel.     Thoi.  1 

br  example,  in  the  cumbuHinii  i>(  ihe  gat  frcoi  coal,  TO  parti  J 

ot  axigttn  bavv  difappeaied ,  bufidei  llial  whicli  ba>  entered  9 

Ma  the  carbonic  acid  j    and,  fiace  eath  mearure  of  oxigen  ] 

Wstatei  IMTQ  of  by(lfoj;en  j^t,  the  gas  from  coal  muH  conUin,  •1 

in  100  meafiue*,  a  quanrily  ot'hydrogeii  which,  expanded  lo 
lb  nfaal  eloflicily.  would  occupy  1 40  mealures.  By  a  rimilar 
■oile  of  eflimiiion,  the  quaniily  of  hydrogen  in  oiher  fpeciet 
of  indarccnablc  gas  may  be  afcerlained  j  t'i:.  by  fubtrading 
the  number  in  ihc  Ihird  from  Ibe  correfpondicig  one  in  the 
Iccaod  column,  in  each  inllance,  and  doubling  ihe  remainder.  , 

The  above  exptriroenli  fuHiciently  explain  why  (he  gas  Tbcr<  fiftt  tE> ,, 
tMn  coal  evoN-es  fo  much  more  light,  during  combuflion.i''||™,J,!;^8^'*. 
ifaao  eiiher  hydrogen  or  ihe  hydro-carburet  from  moid  ch»r-  ftom  the  coal      I 
CBtl.  becaufe,  in  an  equal  volumt,  it  includej.  in   it!  com- P'"    l^'i,^^' 
pofition,  above  Uiricc  the  quaniily  of  inflammable  matter  pre-  moitoiigcnit 
fenl  in  hydrogen  gas,  and  nearly  thrice  aft  much  as  i*  con- "^"""' ''"''''* 
taineil  Jn  the  gas  from  moiil  charcoal.     The  appreciation  of 
tke  d«rgTce  of  combuftibilily  of  eath  ga«,  by  the  quaniily  of  Si 

oxigen  required  for  its  faiuraiiun,  entirely  agrees,  as  might  jj 

naiurally  be  eKpefled,  witli  that  founded  on  the  phenomena  ^ 

offilcnt  combuHion  in  an  Argand's  lamp;  for  each  gas  feemed  I 

lo  me  lo  evolve  light,  as  nearly  a«  could  be  judged,  in  pro* 
pCKtion   10  the  quaniily  ol  oxigen  confumed  by  its  delunation  i 

ba  clofe  veffel.     v^bove  all  others,  llie  olefiint  ga»  *  is  de-  J 

cidodly  entitled  lo  rank,  by  the  fplendor  and  beauty  of  the  i 

bgbt  which  it  yields;   and  Ihe  violence  of  its  delonalion,  when  I 

fired   with  a  mixture  of  oxigen   gas,    alfo    furpalTes    thai  of  I 

flvory  other  inflammable  gas.     By  exploding  only  ,03  of  a  I 

cubic  inch  with  .17  of  oxigen  gM,  a  flrong  glali  lube  was  | 

n.i  but,  after  walhing  in  water,  w»t  reduced  to  4(1  ot.  m."     In 

ibi*  experiment  one  grain  and  i  of  charcoal  was  eonfomeM,  and  30  , 

«!.  n.  of  rarbooic  acid  were  gcnemicd,  wiibaut  any  change  in  the 

volume  of  the  oxtgenous  ga«. 

•  A  fuU  abftna  of  the  memoir  of  MelTii.  Delman.  ice.  on  this 
iotcrefting  gai,  may  be  feen  in  the  111  Vul.  of  the  4ti>  Senei  of  this 
Jmimal.  lt»  chaiaflcriHic  propsny  ii  thai  uf  being  (ipully  con- 
itufs)  into  oili  bj  contafl  with  oxigeniiced  murlatis  acid  gai. 

JF  2  DiAlLered 


from  carbonic 
acid)  is  s  teft  of 
its  fitnefs  to  af- 
ford light* 


It  is  probable 
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(hattered  with  violence;  and  a  VoUa's  eudiometer,  \  of  air 

ii>ch  in  (hicknefs  wa$  burft  by  lefs  than  a  cubic  inch  oi*  a  mix*- 

Specific  gravity  ture  of  the  Iwo  gafes.     The  fpecific  gravity  of  the  inflamma- 

bL*^"(fr«dr  ^^®  «^^®''  "^^'^^  perfcaiy  freed  from  carbonic  acid,  is  another 
competent  teft  of  their  fitnefs  as  fources  of  light.  Thus  the 
fpecific  gravity  of  the  gas  from  moid  charcoal,  (common  air 
being  1000)  according  to  Cruickfliank  is  4B0;  of  the  \iydto* 
carburet  from  alcohol  520,  and  of  the  olefiant  gas^  as  delerr 
mined  by  the  Qutcb  chemiRs,  909. 

From  the  hmkation  to  the  proportions,  in  which  bodies  in 
**KiI^*  f  °^*'""  S^'^®'^^'  having  a  fufceptibility  of  chemical  union,  are  capa* 
mixtures  of  few  bl^  of  combining,  it  feems  to  me  reafonable  to  infer,  that  oar- 
fimple  gates.       bpn  ai>d  hydrogen  do  not  unite  in  all  poUible  proportions,  form* 
ing  fo  many  diflindl  compounds;  but  that  the  various  inflam- 
mable gafes  are  mixtures  of  a  very  few  fimple  ones.     Of  thofe 
fit  prefent  known,  pure  hydrogen  gas;  the  carburetted  hydro- 
gen, which  by  combuftion  afibrds  an  equal  bulk  of  carbonic 
acidi  and  confumes  twice  its  bulk  of  oxigen ;  tlie  carbonic 
oxide;  and  the  olefiant  gas,  it  will  appear,  may  be  traced  ii> 
the  mixed  gafes  comprehended  in  the  forgoing  table.     Th« 
gas  from  coal  1  apprehend  to  be  principally  bydro-carboret» 
with  perhaps  fome  portion  of  carbonic  oxide,  the  preGence  of 
which  lad  is  rendered  probable,  becaufe  the  gas  from  coal  ia 
ffiturated  by  lefs  than  twice  its  bulk  of  oxigen,  though  it  gives 
an  equal  volume  of  carbonic  acid.    Now  the  gas  from  marfliet^ 
whicht  with  Mr.  Cruickfhank,  Mr.  Dalton  finds  to  be  hydro- 
carburet,  contaminated  with  about  20  per  cent,  azotic  gas,  con- 
fumes,  making  allowance  for  this  adulteration,  double  its  vo- 
lume of  oxigen  gas;  and  iince  the  gas  from  coal  requires  a  lefs 
proportion  than  this  of  oxigen,  and  yet  gives  an  equal  pro* 
du6l  of  carbonic  acid  with  that  from  mardies,  it  is  fair  to  pre* 
fume,  that  it  mufl  previoudy  have  contained  fome  oxigeo^ 
which,  after  wadiing  it  with  Iime«water,  can  fubdd  in  no 
Qther  date  than  that  of  the  carbonic  oxide. 
pas  from  Ignited     The  gas  obtained  by  decompoGng  water  over  ignited  char- 
charcoal  and       ^»oal,  is  mod  probably  a  mixture  of  carbonic  oxide  with  hydro* 
wtonicoxide     K®"  g^5,  and  perhaps  a  little  hydro-carburet.     On  no  other 
prefumption  can  the  refults  of  its  combudion  be  explained ; 
fince  the  quantity  of  oxigen  required  in  faturaling  100  meafures 
fs  only  ten  more  than  are  confumed  by  100  meafures  of  pure 
h  \  drogen^  though  35  m.  of  carbonic  acid,  containing  at  lead 

35  o£ 


Gas  from  coal 
appears  to  be 
hydro-carburet 
with  perhaps 
ibme  carbonic 
oxide. 


with  hydrogen 
and  a  Uttle  hy- 
dro*carburet. 
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r 

55  of  milgen,  are  found  after  combaftion.  Now,  accor<Iing 
to  Mr.  CruickibaDk,  thefe  25  m.  of  carbonic  acid,  if  formed 
fnm  cofbonic  oxidei  would  require  only  15  additional  mea- 
iiiref  of  osfgen  gas,  which  is  not  very  remote  from  the  truth. 
Xeafoning  in  the  fame  mode,  the  gafes  from  wood  and  from  peatGifes  from 
will  appear  to  be  Mixtures  in  diflferent  proportions  of  two  at*<^  and  from 

■      ■      .  .    peat  contain  leu 

kafi  df  the  above-mentioned,  vis.  hydrogen,  and  the  carbo^of  uncombined 

•ic  oxicle.     The  refulU  of  the  combuftion  of  the  gafes  from  inflanuMble 

wood  and  peat  evince  that  they  differ  confiderably  from  that^^i  ^^^ 

<)blatned  firemcoal;  and  contain  much  lefs  iincombined  in-  ,     r 

flamniable  matter.     Another  circumflance  of  diftindtion  alfo 

wi  that,  bef6r(!  being  wafhed  with  lime-Iiquory  the  gas  recently 

prepared  from  wood  or  from  peat,  contains  from  ^  to  y  its  balk 

of  carbonic  acid ;  whereas  the  gas  from  coal  ]o(es  by  this  ab- 

ktion  only  trdm  ^  to  -fy.  *    in  my  firfl  experiment,  I  found 

a  large  admixture  of  azote  in  all  thefe  gafes;  bat  this  aAer- 

wvds  proved  to  be  accidental  and  noteflRzntial ;  iince.by  care^ 

M  diAillation  in  glafs  retorts,  of  the  fobflances  that  afforded 

IbeiD,  (be  gafes  were  obtaiaed  entirely  free  from  Ibis  conta^ 

aioatioru 

The  gafes- obtained  by  the  de(!ra£tive  diffiHation  of  oil  andThe  gates  from 
of  wax,  it  aia?  be  oWerved  iii  the  table,  confume  coTrfider- **''  *"**  ^"*™ 

-'  .  wax  arc  pure 

my  more  oxigfen  than  the  gas  from  coal.     This  circiimftance  hydro-carburcti, 
firft  led  me  to  fufpeft  that  Ihcy  might  poffibty  be  ttfrKtures  o#"^*P^  *^*'  ^*»« 

,.         ,   ^      .  ..^  ,  .    «  ,      t  ,  ,      nrft  contains 

Ibe  oteftant  gas  witb  carburetted  hydrogea;  and  on  apply- one-eighth  and 
iilg  tbfe  oxygenized  muriatic  acid  gas,  this  fufpicion  Was  fully  ^^^  ^"^i"  ^^' 
verified.     Orif^  raeafnf e  of  the  gas  from  oil  with  one  of  ihcga^'' 
oxygenized  gas,  were  reduced  fpeedily  to  1^;  alike  diminu- 
tion was  pfodaced  in  the  gas  from  tallow ;  and  that  from  wax 
bad  its  bulk  iiill  farther  contraded,  only  If  ra.  beiAg  left  by 
proportioot. 


*  The  cendeafible  pro^oAs  alfo  of  coal  probably  differ  from  thofi! 
of  wood  and  peat.  W  ap  intermediate  veiTel  be  placed  fpr  their 
reception,  it  emiti,  after  the  diftillation,  a  ftrong  fmell  of  ammo- 
nia. This  was  loug  ago  obferved  by  Lord  Dundonald,  who  enu- 
merates, among  ether  produfls  of  coal,  the  volatile  alkali  (fee  a 
pamphFet  "  on  the  Ufcs  and  Qualities  of  Coal  Tar,"  publjfhed  by 
his  Lorcifliip  in  1785.)  This  produ6Vion  of  ammonia  I  have  not 
oblinrvcd  from  peat  or  wood  ^  nor  do  I  find  it  mentioned  in  a  Hif- 
cory  of  Peat^  iaeluding  the  reiahtfof  its  diftitlation,  Sec.  publhfhed 
to  the  kcwU  v^of  tbt  Edinburgh  <<  Mvf%  Pbyiicai  and  L^ei^ry.*^ 

5  In 
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Tn  order  to  afcertain  hovirtnuch  of  the  diminution  was  owing 
to  the  condenfation  of  olefiant  g^f,  the  proportion  of  oxygen- 
iced  acid,  required  for  the  faturation  of  that  gas,  was  care- 
fully afcertained.    After  feveral  trials,  it  was  found  that  3  m.  of 
the  oxygenized  acid  with  2|  pure  olefiant  ga«,  prepared  accord, 
ing  to  the  Dutch  chemifls,  left  only  0.15  m.  of  common  air 
derived  from  the  veffels.     It  appears,  therefore,  that  (he  gal 
from  oil  and  from  tallow  contains  about  ^,  and  that  from  wax 
I  olefiant  gas,  the  red  being  pure  hydro-carburet. 
Henct  tt  isfetn      T^^^  refults  of  thefe  expt:riments,  in  conne6tion  with  a  fad 
why  waihing  di-  conmunicated  to  me  by  Mr,  Dalton,  explain  fome  circum- 
{l^uaof  car.   C*"^^*  obfcrved  by  Mr.  Cruickftiank,  for  which  that  ingenious 
^nic  acid  af-      chemid  was  at  a  lofs  to  account,  viz.  the  great  variation  in 
lt"*whldro"'  t^^^piro^u^s  of  carbonic  acid,  obtained  by  burning  the  fame 
carburet.    For    hydrocarburet  when  wafhed  and  when  unwaftied,  or  when 
Ictokes  away  the  JQj^g  kept  in  conta6t  with  water;  though   the  gas,  when  orU 
ginally  procured,  was  perfedlly  free  from  carbonic  acid.    The 
olefiant  gaSf  Mr.  Dalton  has  afcertained,  is  far  more  abforb* 
able  by  water  than  other  fpecies  of  hydrocarburet,  viz.  in  the 
proportion  nearly  of  f .     Now  the  gas  from  camphor,  I  find 
to  contain  much  olefiant  gas,  and  indeed  this  might  have  been 
inferred  from  Mr.  Cruickftiank^s  own  flatement,  who  obfervet 
that  this  gas,  by  admixture  with  oxygenized  muriatic  actd^ 
undergoes  a  confiderable  diminution  of  bulk.  The  pure  hydro, 
carburet,  on  the  contrary,  I  have  never  feen  at  all  condenfed 
by  contad  with  this  gas,  in  the  rapid  manner  obfervable  in 
olefiant  gas  or  mixtures  containing  it;  though,  by  confinement 
together  for  fome  hours,  they  are  mutually  decompofed  into 
Hydroearburets    common  muriatic  acid,  carbonic  acid,  and  water.    The  hydro* 
from  ether  and   carburets  from  ether  and  alcohol  alfo  contain  olefiant  gas;  and 

aJcohol  aif>  con-  .  ,  ,  o     » 

tain  oi.  gas;        this,  I  apprehend,  will  he  found  to  be  the  faA  with  allinflam- 

which  is  the        mable  gafes,  which  by  combuftion  give  more  than  their  own 

Se  difference  in  ^"^^  ^^  carbonic   acid.     The  variable  produ6ls  of  carbonic 

cirb.  acid  pro-    gcid,  obtained  in  Mr.  Craikfhapk's  experiments,  from  equal 

Cruikihank,'      quantities  of  differcpt  hydrocarburets,  cannot,   therefore,  be 

^oniidered  as  denoting  fo  many  ditlin^l  fpecies  of  carburetted 

hydrogen;  but  as  owing  to  the  admi)(ture  with  this  of  various 

proportions  of  olefiant  gas. 

Error  of  that  I^  ^'i'^  ^^^»  ^  ^^  peffuaded,  be  regarded  as  indicating  a 

puthor  rrfpea-    wifh  to  detra6),  in  the  fmallefl  degree,  from  the  credit  due  to 

tSSi'iJf  Mrl>u-"'Mr.  pruikftujpk,  whofe  memoirs  on  the  hydrocarburets  and 

retted  hydrogen     .  f ^fbppiQ 
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wbonic  (Hnde  |  efliniale  among  tlie  raofl  ingenious,  and  ge- 
Bcrilly  fpcaicir.g,  die  moCt  (alicrafilory  examples  of  chemical 
lefcMch.  if  I  obfcrw  ilial  (he  part  of  hts  lable  (vol.  V.  p.  S 
«f  Ibe  4tii  feries  of  ihrs  Journal]  which  relaics  lo  ihe  condilu- 
lioa  of  ifae  carbareried  hydrogen  gafe-i,  I  confidcr  a)  enliri-'ly 
•iT«neoa«.     Tu  excite  flrorg  fufpiclon  of  the  accuracy  of  the 
ynportions  al1i|^ed  in  ihefe  gafes,  it  is  forcly  fufficicnt  that 
e  mf  then  '[the  ga^  from  moi/1  charcoal]  ii  Hated  to  contain 
100  cob.  in.  =  I  *i  Rrain!.  no  lefs  than  9  grains  of  water,  a 
npenion  sbfolutely  inconceivable;  and  Ihe  fame  objeAiun 
ippliot.  in   a   Icfs  degree,   t»  the  other  cafe*.      Now  in    100 
tabic  iaciiet  of  the  muriatrc  acid  gai,  I  found  the  abfrilal«  ' 

<)aanlit]r  of  combined  water  to  be  only  l.+  gr.  (PI"'-  Tranf. 
ISOO} ;  and  it  li  rendered  highl]'  probable,  by  the  experimenlit 
of  CIC-menI  and  Dfforme  (Ann.  dt  Chm.  XUI.  121)  that  all 
gafe*  contain  the  f«me  iiuaniity  of  water.  In  (he  inftancc  of 
Iks  gu  from  chaTci«l,  Mr.  C.  was  tnoR  prnbably  mined,  by 
aot  having  fufpetSted  the  prefence  of  (he  carbonic  oxide;  and 
fhe  CDtredion  ia  lo  be  made  a<  follows.  One  hundred  cubic 
incbes  (=14-}  graini)  combined  with  the  proper  quantity  oF 
migco,  gave  19  grains  nf  cartx>nic  acid,  conlaimng  very 
se«rlv  4  graint  af  carbnn  ;  and  fuppoling  the  carbon  in  ihegai 
lielbre  combut^ion  to  have  been  in  the  llale  of  carbonic  o\ide. 
It  would  ie  combined  with  about  9  grains  "f  oxygen,  and 
innMld  confiiluie  tS  gr.  or  +3;  cub.  in.  of  carbonic  oxide. — 
There  remains  Ihcn  onlv  \i  grain,  «f  l^ie  14^  fubmilted  to 
iCXperimeni  in  be  accounted  lor,  which  a  very  exaftly  made 
■p  by  Hie  lefiduary  57|  cub.  in.  of  hydrogen  gas,  taking  iho 
weight  of  lUO  cub.  in. of  hidrogenlo  be  2.(^gr,  The  water 
vMiUined  in  the  gM  may,  I  think,  be  fei  out  of  the  quellion ; 
tof  it  muil  be  recolleded  that  the  produA  of  the  combuflion  ii 
•D  part  aeriform;  and  it  may  be  confidered  as  a  tolerable  ap- 
pfalciiBalioti  to  the  truth,  that  the  ga^  from  charcoal  conlaint, 
in  lUO  inches,  \'i  of  carbonic  oxide,  ihe  remainder  being 
^nctpally  hydrogen  gas.  * ' 

WiUi  refpefl  to  the  prefence  of  hydrogen  in  the  carbonic  CvUnlcmMe      I 
4Mide,  which  hat  been  a  topic  of  coolroverly,   neither  the  fafl  ^"''■1°^  "?"'■ 
,  I    !.■   I      t  r  •  .  ,  combined  \i\in- 

nnr  the  negative  can,  I  think,  beat  prcfenl  with  certainly  af-gen,  &t, 

iiimed.      If  however  any  hydrogen  be  contained  in  il,  I  (liould 
decn  it  s»  accidental  and  not  an  etreniial  ingredient,  and  am 
«i  <yuDiiM  lh>t,  if  prcfenl  at  alt,  it  exifti  in  the  Aale  of  hydro- 
fen 
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gen  gas ;  for  I  find  that  the  carbonic  oxide  is  npi  expanded  by*. 
eledlrical  difcharges^  which  would  alTuredl^  happen  if  the  car« 
buretted  hydrogen  were  on^  of  its  (:on(lituents,  or  accidentally 
mixed  with  it.  .  • 

Zluddition  of        To  return  to  the  (heory  of  lamps,  &c,  it.  is.  proved  by  ibo 
the  theory  of      preceding  experiments,   that  the   fubflances  ordinarily  cm»    - 
^''      '        ployed  as  fources  of  artificial  light,  vis.  oil,  tallow,  and  wax^ 
afibrd  whsn  fubmitted  to  an  increafed  temperature,  mach  ole^ 
fianl  gas;  and  it  has  been  jufUy  obferved  by  the  editor  of  thia 
Journal  (4to  feries  I.  7 1)  "  that  the  wick  of  a  lamp  or  candle 
furrounded  by  flarae  is  exadly  in  the  iituatioa  of  a  body  ex* 
The  oiU  Sec,  is   pofed  to  dedrocUve  diflillation  in  a  clofe  veflel."    In  tbisxafe  * 
decompofcd  in    the  feries  of  capillary  tubes  compofing  Ihp  wick,  fervc  perhaps 
'  precifely  the  fame  office  as  a  tube  horizontally  difpofed  in  a 

heated  furnace,  throu^^h  which  an  inflammable  liquid  is  tranP« 
mitted.  The  fuel  previoufly  melt<^,  is  drawn  up  into-  thefo 
ignited  capill^y  tubes«  aod  there  fefolved  inta  olefiant  and  . 
— intoolefiant  oarburelted  hydrogen  gafes>  from  the  combufiion  of  whicb 
and  caburetted  gafes,  and  not  merely  of  a  cbndenfible  vapour,  it  appears  m 
whidf  are^ihTn  ^^  ^^^  ^^®  illumination  phiefly  proceeds.  Hepce  it  is.nol  im- 
burned.  Whence  probable,  that  the  proportion  of  olefiant  gas  and  hydrocar«k 

the  fitncfs  of  any  ^^^^    obtained  by  the  diftiHatioB  of  any  fabftance,  will  h%  m 

fuel  to  give  lu-  '        .  •'  ,         ' 

ninous  flame      tolerable  meafure  of  its  fitnefs  for  affording  light.     In  diflil« 

may  be  known     Jations  of  this  kind,  however,  the  degree  of  beat  is  of  coii» 

from  its  dcftruC-    -,,,  r-ri  r  II  t  •/- 

tive  diftilla-        nderablc  moment,  for  i  have  found  that  the  olefiant  gas  noaj 
tlon.  be  obtained  or  not,  at  pleafure,  during  the  decompofition  of 

ether,  alcohol,  o\\,  &c*  by  v vying  the  temperature  to  wbiob* 

the  containing  vefiels  are  expofed. 

The  tafcsfrom  ^"  ^^*^  ^'^^  ^^^^  ^°*^»  ^•**'  *"^  wood,  though  tbefe  fub* 
coa),  &c.  though  fiaoces  yield  no  olefiant  gas^  the  defed  is  compenfated  by  an*  - 
^^yoff^^  "**  inflammable  vapour  diflTufed  through  tliem  when  recent,  and 
afford  much  which  is  even  not  removed  by  puffing  through  a  fmall  quantity^ 
light  by  an  in-  ^f  water.  Gas  from  coaii^  however,  which  had  fiood  over 
▼apourwhen  water  i^pwards  of  a.nxonth,  I  have  fouad  bums  with  oonfi- 
lecenr.  derably  impaired  brilliancy,  though  (lili  with  a  far  more  denl«i 

and  bright  flame  than  hydrogen  gaa^  or  the  gas  irom  char- 

coal. 

Manckejicri  May  ^^  1805. 
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POSTSCRIPT. 

Since  the  procedtng  pages  were  written,  I  have  examined  "The  gas  from 
iMk  portion  of  the  ga^from  coal,  obtained  by  very  caotious'exp.  with  ox. 
tfiHatiom  vwkth  a  view  to  afeertain  whether  any  olefiont  ga^vn-  acid  gas  to 
can  be  procured  from  that  fubflance.    Of  this  gas  (\vc  roeafiire!«»p^J^  *^  ^  ^ 
med  with  five  of  oxygenized  muriatic  acid,  were  reduced  (o  gas. 
«ae;  (worn  which  it  (hould  appear  that  the  gas  from  coal  may 
pofiUy  contain  -J^  of  olefiant  gas*     The  produ6)ion  of  oif, 
however,  ^was  not  fo  manifefl  as  in  other  inftances;  and  I 
jiiged  itto-have  happened  chiefly  becaufe  an  iridefceiU  film 
vas  vifiUe  on  the  furfiaice  of  the  water  when  held  between  the 
eje  and  the  light. 

I  am  enabled  alfo^  by  a  letter  received  this  morning  from  a  Hiftory  of  Mr« 
frieod  who  i«  well  acquainted  with  the  prognefs  of  Mr.  Mur-  Murd  ch's  cx- 

,     ,  ,  .  .  /•  /•  •       4"  penments  for 

doeb  a  experHnqnts-in  antwer  to  tome  queries  from  me,  to  giving  lig^t  bj 
fiale  fpeciiicmHy  the  grovnds  of  that  gentleman's  claim  to  theS'^  ^rotn  pic- 
riant  application  of  coal  as  a  fource  of  artificial  light. — 


Thia  I  cannot  do  better  than  by  an  extras  from  the- letter. 

**  in  the  .year  1792,  at  which  time  Mr.  Murdoch  refided  at 
Sadrath  in  Cornwall,  as  Boaken  and  Watts  principal  agent 
manager  of  engines  in  that  county,  he  commenced  a  fe- 
of  experiments  upon  the  quailtity  and  quality  of  the  gafes 
ooalaiaed  iM-diSkneni  fubfiances.  In  thecourfe  of  thefe,  he 
leaarked^  tbat'th&gas  obtained  by  di filiation  from  coal,  peat, 
wood,  and  elber  inAammable  fubflances,  burnt  with  great 
brilliancy  upon-Mng  fat  fire  to;  and  it  occurred  to  him,  that 
faj  confining  and  conducing  it  through  tobes,  it  might  be  em-' 
ployed  as  an  econcMnicalfubftitote  for  lamps  and  candles.  The 
difiillation  was  performed  in  iron  retorts,  and  the  gas  con- 
dided  through  tinned  iron  and  copper  tubes,  to  the  diHance 
of  70  feet.  At  this  termination,  as  well  as  at  intermediate 
|NMits,  the  gas  was  fet  fire  to,  as  it  paffed  through  apertures 
of  dificfcnl  diameters  and  forms,  purpofely  varied  with  a  view 
of  afcertaining  which  woold  anfwer  befl.  In  fome,  the  gas 
iiliied  through  a  nomber  of  fmall  holes,  like  (he  head  of  a  wa. 
tering  pan ;  in  others  it  was  thrown  out  in  thin  long  (heets,  and 
again  in  others  in  circular  ones,  upon  the  principle  of  Argand's 
lamp.  Bags  of  leather  and  of  varnifhed  fiik,  bladders,  and 
veiTeU  of  tinned  iron  were  filled  with  the  gas,  which  was  fet 
fire  t0|  and  carried  about  from  room  to  room,  with  a  view  of 

aicer- 
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afcerlaining  liow  far  it  could  be  made  to  anrwer  the  purpofe  of 
a  moveable  or  ttansferabic  lighl.  Trials  were  likewife  made 
of  ihe  dilTerenl  quanliliet  and  qualilies  of  gas  proriuced  hy 
coals  of  various  defcriplions  luch  an  ihe  Swanfta,  Haverford- 
weft,  Newcaftle.  Shropftiire,  Slaflbrdftjre,  and  fonie  kriidi< 
of  Scoich  coal<." 

"  Mr.  Murdoch'!  gonftinl  occapalionsprevenled  bis  giving 
farther  allention  in  Ihe  fubjed  al  Ibal  time;  bul  he  again* 
availed  himfelf  of  a  raomenl  of  leifute  to  r^eal  liis  PNperi* 
ments  upim  coal  and  p*at,  aL  Old  Ciunnock  in  Ayrfliire  Ji 
1797 ;  Slid  it  may  be  proper  lo  nolite  liial  both  thefc,  ant)  thi 
ibrmer  nnei,  were  exhibited  to  numerous  fpedalors  who,  i 
necelTar)',  can  allelt  them.  In  1T9S,  he  conflruded  an  ap 
paralus  at  Soho  Foundry,  which  was  applied  during  many  fui.' 
celGvc  nights,  lo  ihe  lighting  of  the  buildingi  when  the  ex 
perirnenls  upon  differewt  aperlBres  were  repeated  and  er* 
Icnded  upon  a  large  fcale.  Variom  methods  were  alfo  pracv 
tifed  of  wafliing  and  purifying  the  air,  to  get  rid  of  Ihefmoki 
and  fmell.  TUefe  experiments  were  continued,  with  occ» 
£ona!  interruptions  until  the  epoch  of  the  peace  iri  the  fpring 
«r  ISO:^,  when  the  illumination  of  ihe  Soho  manufactory  af 
forded  an  oppixiunity  of  making  a  public  difitUy  of  the  new 
light!;  and  ihcy  were  made  lu  conflitute  a  principal  fealuro  tl 
tliai  exhibition.  1  do  not  know  txii^ly  at  what  ticie  the  titft 
trials  were  made,  or  publiftied  in  France.  The  firft  not 
we  received  of  thent  here,  was  in  a  letter  from  a  iriend 
Pari'',  dated  the  Sih  of  Nov.  1801,  in  which  he  delires  i 
to  inform  Mr.  Murdoch,  Ihal  a  perfoii  had  lighted  up  his  hou(i>^ 
vnd  gardcua  with  the  gas  obtained  from  wood  and  cuol,  anA 
h'Ad  it  in  contemplalioa  lo  light  up  the  city  of  I'aris." 

"  After  menlioning  the  above,  I  think  it  Is  proper  to  ftal^ 
alfo,  that  in  the  oveii«  conliruded  upon  Lord  Dundonald's  plan*' 
at  Calculi!  in  Shroptliire,  for  the  purpofe  of  faving  the  tar^ 
&c.  which  efcapei  during  the  coaking  of  coal,  it  has  bei 
ufual  fur  a  nurabcf  of  years  pad  to  fel  6re  to  the  large  currerit 
of  gas  as  it  flies  off,  and  thus  procure  a  briuhl  illuminati 
This  how'cvrr  witK  not  knonn  to  Mr.  Murdoch,  aud  ivas 
v«rfeen  by  hiip." 
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KiperimeniM  on  the  yinahfis  rf  Goulard*t  ExtrtiB,  or  lite  Aqm 
UAansyri  aceiati,     iiy  John  Bos  roc k,  M,  D,     Commu^ 
by  the  Author, 


To  Mr.  NICHOLSON. 
DxAR  Sia, 

1  HAVE  the  pleafure  to  tranfmit  to  you  fome  experimentt 
60  the  a'nalyfis  of  Goulard's  extra6t|  vihich  I  hope  you  ma/ 
chink  not  unworthy  of  a  place  in  your  Journal. 

I  d^m,  Sir, 

Your  obedient  Servant, 
Uverpool,  JOHN  BOSTOCK. 

Hoy  5,    1805« 

Doriiig  the  courfe  of  fome  experiments  on  the  analy(i!t  ofTh«w^ftrf 
•nimal  floids,  I  was  led  to  obferve  the  effect  of  the  aqua  H*  ^j^^  modblSr * 
iktrgyri  -acetati,  or  the  extra£k  of  Goulard,  as  a  coagulator  more  than  dw 
efmiicas,  and  particularly  to  notice  the  fuperiority  of  its  power  •^^■**^*"» 
over  that  of  the  acetate  of  lead.     From  thefe  circumflances  I 
was  induced  to  examine  into  the  opinions  that  had  been  enter- 
tained refpe^ing  its  compo(ition»  but  was  not  able  to  obtain 
any  (atisfadory  information.     Although  it  is  a  compound  fo 
well  known,  and  Co  h-equently  employed,  it  appears  never  to 
bve  been  made  the  fubjed  of  chemical  anaiyfjs.     In  Dr.  ft  hu  not  baea 
Tbomfem's  Syflem  of  Cheroiftry  it  is  not  diflinguifhed  from  '"nMne^ 
the  common  acetate  of  lead;*  Dr.  Murray  informs  us,  that 
^'  it  h  merely  a  folutton  of  acetate  of  lead  in  water,  with  an 
''excefs  of  acid;  t"  and  Dr.  Duncan,  Jnn.  conceives,  that 
if  does  not  diflTer  from  a  folution  of  the  acetate  of  lead  of  the 
iame  ftrength.  J     We  meet  with  nothing  fpecific  refpe6!ing  its 
conftitation  in  M.  Fonrcroy's  "  Syfteme*\  §  nor  is  there  any 
light  thrown  upon  it  by  his  acute  commentator  Proufl.  ||     In 
this  dearth  of  information,  I  proceeded  to  make  tne  iullowing 
experiments. 

*ph«n.  III.  52.     t  Mat.  Med.  II.  223.     J  Edin.  Difp.  p.  50fi 
I  VJII-  W-  I  J«vro.  Phyf,  LVI.  207. 

To  . 
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Experiments  on        1 .  To  200  grains  of  diftilled  water  were  added  60  grains  of 
^hf^moT  acetate  of  lead,  in  its  ufual  cryttalline  ftale;  the  fluid  was  kept 
aceutcof  Iciul     for  about  an  hour  at  tlie  boiling  temperature,  and  was  afler- 
wag  diflblvcd  in   ^^^jj.  filtered.     The  reftdue,  when  dried,  did  not  amount  to 
more  than  2  grains;  this  was  boiled  in  a  freth  quantity  of  water, 
when  about  half  of  it  was  diffolved,   but  one  grain   ft  ill  re- 
mained not  afted  upon  by  the  water.     It  appeared,  therefore, 
that  a  faturated  foiation  of  the  acetate  of  lead  was  formed;   it 
was  tranfparent  and  colourlefs;    it   (lightly  reddened  paper 
gained  with  litmus. 
This  was  pre-        ^'  ^  folulion  of  the  carbonate  of  potafh  was  prepared,  in  tlie 
cipiuted  by  car-  proportion  of  1 1.25  grains  of  pota(h  to  tOO  grains  of  water. 
iT^alVdevc^^'  To  40  grains  of  the  fdution  of  the  acetate  of  lead  from  No.  1, 
Aarcs  carbonate    a  quantity  of  this  folution  of  potafh  was  gradually  added ;  a 
hi  kad.  copious  precipitate  of  the  carbonate  of  lead  was  produced  ; 

after  the  addition  of  60  grains  of  the  alcaline  folution  there 
was  no  farther  precipitation,  and  the  fluid  (lightly  aile^ed  ja 
paper  foaked  in  the  infuflon  of  the  mallow  flower.     The  pre* 
cipitate  was  carefuily  colledted,  and  bein)2;  dried  by  a  gentle 
beat,  afforded  eight  grains  of  carbonate  of  lead. 
Ctfriifi»B  e««         ^*  Forty  grains  of  aqua  Uihargyri  acetati  were  treated  m 
traA9B«^«iKV««  the  fame  manner  wi4h  the  carbonate  of  potafli ;  the  precipitate 
of 'kudr  formed  appeared  mere  copious  than  in  the  former  experiment^ 

afK)  after  the  addition  of  40 grains  only  of  the  alkali  no  fartber 
eflfe^  feensed  to  be  produced;  the  fluid  aflfe^ed  the  niallow4r 
paper  in  the-  fame  degree  as  in  the  former  experiment.     The 
precipitate,  being  colleded  and  dried,  weighed  II  grains. 
IrdM'notradf'  '     ^'  ^^  (upin  Uthargyri  aeetati  did  net  in  any  degree  reddeit 
den  litmnsptper.  litmaf!  pupcp;  a  few  drops  of  it  were^  aidded  to  half  aiT  onnce 
Slh  lUm?s  Tiw  ^  ^^®  infuiion  of  litmus ;  a  precipitate  of  a  beaatiAil  light 
fufion.  blue  was  immediately  formed,  while  tlie  fluid  was  left  tran& 

parent  and  neaf  ly  colourlefs. 
The  folution  of       ^'  Twenty  grains  of  the  folution  of  acetate  of  lead.  No.  I, 
acetjieg<ive4gr.  wt're  flowly  evaporated;  the  fluid  became  extremely  Tiicid^ 
^uc'b  ""it"  '*^'"  ^"^  *^  length,  in  fome  degree/ brittle  and  tranfparent,  and  af- 

fuTiied  tiie  appearance  olt  dried  gum.     It  weighed  about  fou# 

grains. 

Aqualith.  acct.      6.  Twenty  grains  of  the  eqna  liihargyri  acetati  were  eva* 

give  5  gr.  white  poraled  in  the  fame  manner;  it  became  white  and  opake,  and 

•pakcrcfi  uc.     ^^^^^  ^^  procefc  was  dompleted,  il  exhibited  the  app^rance 

of  a  number  of  (cales  of  a  pearl  colour.     It  weighed  a  little 

aere  than  five  grains* 

7.  A 


D&.  BOtTociL  ov  Goulard's  sxTBfACT.  77 

7.  A  folulion  of  gam  Arabic  was  formed^  in  the  proportion  Gum  precipi. 
rf  ooe  part  of  guro  to  100  parts  of  water.     One  grain  of  this  urf',extria" 
Uation  was  added  to  39  grains  of  water,  fo  that  the  gum  only 
fDoditated  ^^Vv  P^^^  o^  ^^^  folutioo;  a  dogle  grain  of  Gou- 
brd  dropped  into  it  produced  a  perceptible  opacity. 

$.  Twenty  grains  of  the  faturated  folulion  of  the  acetate  of— butfcarcelyby 
kad,  had  one  grain  of  the  folulion  of  guq  added;  the  eife^***^*^^  of  lead. 
was  barely  vifible^  certainly  lefs  than  in  the  former  expert- 
Bent. 

i  am  far  from  confidering  thefe  experiments  as  fufficient  to 
i&rd  a  conaplcte  invefligation  of  the  fabjedk ;  but  I  think  (hey 
aav  enable  us  to  make  fome  advances  toward*  the  truth. 

The  40  grains  of  the  folulion  No.  1.  contain  1 1,6  grains  of  Forty  grains 
acetate  of  lead;  by  the  addition  of  the  alcali,  this  was  con-  ^cewc  contain 
Terted  into  eight  grains  of  the  carbonate  of  lead.     Thefe  eight  Uc  lead. 
grains  of  carbonate  confid  of  6.72  grains  of  the  yellow  oxide, 
«mI  1.23  grains  of  carbonic  acid. ^     The  6.72  grains  of  yellow 
mie  conlift  of  6.12  grains  of  pure  lead^  and  .6  grains  of  ox- 
ken^  t  fo  that  the  40  grains  of  the  falurated  folulion  contain 
aEuIe  more  than  6  grains  of  pure  lead. 

By  employing  the  fame  reafoning  to  the  analogous  expert-  Forty  grains 
•enc  with  Goulard,  we  may  conclude,  that  the  1 1  grains  of^J"^*^"^^ 
'  Ctfbonate  produced  in  this  cafe,  confiil  oH  9.24  grains  of  the 
jeUow  oxide  of  lead,  and  1.76  grains  of  carbonic  acid;  the 
9.24  grains  of  oxide  will  be  compofed  of  8.4  grains  of  pure 
lead^  and  ,84  grains  of  oxigen»  fo  thai  the  40  grains  of  the 
9fia  liikargyri  acetaii  contain  nearly  8|-  grains  of  pure  lead. 

We   (hall  not  End  it  fo  eaiy  to  afoertain  preci fely  the  quan-  DeduOion  of 
tily  of  acetic  acid  which  enters  into  the  composition  of  the  ^**«  rcfpcdivc 
acetate  of  lead,  and  the  aqua  Ulharuyri  acetaii  f*i^pe611vely;  J"jJ"  * '"° 
bot  if  we  truil  to  the  experiments  of  M.  Thenard  %,  we  mud 
conclude  that   11.6  grains  of  acetate  of  lead,  contain  about 
three  grains  of  the  acetic  acid.     The  quantity  of  acid  in  the*' 
aq,  iUh,  acet*  is  lefs  than  that  in  the  acetate  of  lead,  in  the  pro- 
portion of  40  to  60;  therefore  the  40  grains  of  aq,  lUh,  acd, 
will  only  contain  two  grains  of  acid. 

Hence  it  follows,  thai  40  grains  of  the  folulion  of  acetate  of  Component  par  is 
lead  confift  of,  ®^  ^^' 

•  Thomibn'9  Chcra.  III.  50.  f  Prouft,  Journ.  de  Phyf. 
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JL€ad     -    -     6.12     ^.     r  41  .    fLead  8.* 

AcelicAcid    3.  ^^^^^"'^^T    fl   )  Acid  2. 

Water  30.23  «>»&«  o^    *    -     Cwatcr      28.76 


4O.00  40.00 

eon  verting  thefe  proportions  into  quantities  of  100  grains 
each  they  will  be  as  Ibllows, 

SoU  acet.  lead*  Aq.  lith.  acet* 

Lead    ...     15.3  21. 

Acetic  acid      •7.5  5* 

Oxygene         -       1,5  2.1 

Water        .    -    75.7  71.9 


100.0  100.0 

The  experi-  From  this  flatement  it  appears  that  in  the  aq.  lith,  acet,  the 

ments  ihew  that  oxide  oF  lead  and  tlie  acid  exifl  to  each  other  in  the  propor-i^ 

^"!"J"^^^  tion  of  23  to  5,  or  of  100  to  21.71.,  and  we  find  that  M. 
icccace  arc  aiircr*" 

cntialts.  Thenard  has  defcribed  the  perfedl  acetate  of  lead,  as  a  fait 

in  which  the  oxide  and  the  acid  exifl  in  the  proportion  of  100 

to  21.79.     So  near  a  coincidence  between  thefe  two  propor*' 

tions  can  fcarcely  be  regarded  as  the  nr.ere  effefl  of  accident  | 

but  mufl  rather  be  confidered  as  a  proof  that  the  fubflancei 

operated  upon  were  nearly^  if  not  altogether,  identical.     Ad* 

The  former        niitting  this  to  be  the  cafe,  we  mufl  conclude  that  the  (iqua  lU 

being  at  (atura-  thargyri  acetatl  is  a  faturated  folution  of  the  proper  acetate  of 

^°">  lead^  that  it  is  an  eifentially  diflferent  fait  from  the  fuper-ace* 

..and  the  latter  tate  of  lead,  and  that  it  is  not,  as  has  been  imaglnedi  an  acci* 

a fuper-aceute.  jgnta!  compound,  but  an  exaftly  neutralized  fait,  the  conftU 

tuents  of  which  exid  in  a  conftant  ratio  to  each  other. 
The  neutral  It  happens  in  this,  as  in  other  inftances,  that  the  ingredients 

compound  is  compofing  the  completely  faturated  compound^  poffefs  a  weaker 
compofed,  '  affinity  for  each  other  than  when  they  exift  in  a  dtfierent  pro* 
— and  is  there-  portion.    To  this  circumdance  mufl  be  attributed  the  fuperior 

fore  a  better  tcft  delicacy  which  Goulard  poffefTes,  as  a  tefl  of  animal  and  ve- 
•f  mucus* 

gctable  mucus,  over  the  fuper-acetate  of  lead,  or  the  common 

cerujfa  acetaia.  The  aqua  lithargyri  acetaii  is  fpeedily  decom- 
pofed  by  the  aflion  of  the  atmofphere,  in  confequence  of  the 
oxide  of  lead  which  enters  into  its  compofition  having  a 
flronger  affinity  for  carbonic  than  for  acetic  acid;  this  e£fed 
takes  place  in  a  lefs  degree,  in  a  faturated  folution  of  fuper- 
acetate  of  lead. 

From 
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Fftnn  Ihe  firft  experiment  we  learn^  that  tlie  fuper-acetate  Sw|*r-teetn«  tf 
if  lead  is  more  foluble  in  water  than  is  generally  imagined  ;  ^j^^  nnoSS^ 
Br.TbotDfbn  observes,  that  it  is  dilTolved  only  fparin^ly  *;  yet  fupp«ie4. 
ve  find  that  100  parts  of  water  retain  in  folulion  27  parts  of 
diei^lL 


m. 

A   concifi  View  of  '**  Theory  of  Rejpiratien,     By 
W.  Brande^  Ej'q,     ( Fron%  the  Author.) 

1  HE  term  lefprrBtion  implies  the  reception  of  atmofpheric  Re%iniioa, 
air  into  the  longs,  and  its  fubfeqaent  emiffion,  after  having 
produced  changes  in  the  blood  necel&ry  Xo  the  continuance  of 

No  other  gafeous  body  being  capable  of  producing  thefe  ^^^  not  be  «■* 
ckuiget,  it  was  natural  to  fuppoTe,  that  until  we  became  ac-  SmoTphere  «iL^ 
qttlnled  with  the  component  parts  of  the  atoiofphere,  very  analytedU 
Kule  of  Hie  true  nature  of  refpiration  could  be  underftood. 

.  The  firil  great  ftep  towards  the  analyfis  of  the  air  was  made  DKcoverict  of 
fay  Dr.  Prieflley,  who  ii>  the  year  f  774  difcovered  oxigen  gas,  *^"*^y» 
nlled  bj  htm  dephbgiflicated  air.     But  we  are  indebted  to  *^  UvoUkr* 
Laroifier  for  the  mod  accurate  inveiiigation  on  this  fubje^t ; 
who  from  many  experiments,  which  it  is  not  neceifary  here  to 
relate,  concluded  that  atmofpheric  air  was  compofed  of  oxi* 
gen  and  azot,  in  the  proportion  of  about  01  parts  of  the  former 
to  73  of  the  latter.     The  air  alfo  contains  a  fnall  quantity  of 
ciibonic  actd,  and  a  confiderabie  quantity  of  water  (fubje^ 
kowever  to  much  variation)  is  always  fufpended  by  it. 

Some  of  the  gafes  are  totally  unrefpirable,  that  is  to  fay.  Gas  whlcB  €mm 
incapable  of  being  taken  into  the  lungs;  for  whenever  this  is  °**^ i^ -"^'^i 
attempted^  a  fpafraodic  aflTedion  of  the  epiglottis  takes  place,  the  lungs. 
which  l^  doing  on  the  larynx,  (huts  up  all  communication 
with  the  orgaos  of  rel'piratioii.     To  this  clafs  belong  all  thofe 

•  Thomfon's  Chemiftry,  III.  53. 

"f  Refpiration  has  been  divided  into,  1.  Infpiration,  or  the  in- 
frefs  of  air  into  the  cells  of  the  lungs,  caufed  by  the  enlargement 
of  the  cavity  of  the  cheft ;  2.  Into  expiration,  or  the  egrefs  of  air 
ftom  the  Itmgst  loaufcd  by  the  contiadion  of  the  cheft. 

gafeooa* 


so  '^^*    B&ANDk'S    VIBW  'OF   THE 

Ctfbohic  acid,    gafeous  bodies  pofTenTed  of  acid  properties.     The  eflie^s  of 

Sww'by  Pi-  ^'^^""^  acid-are  defcribed  as  follows  by  Pilatre  de  Rosier  :-* 

litre  deRotkr.  He  went  into  a  brewer's  tub  which  was  full  of  carbonic  acid 

gas ;  he  at  ^rd  felt  a  fliglit  heat  throughout  his.  whole  body, 

which  produced  a  gentle  perfpiration ;  an  itching  feniation 

frequently  obliged  him  to  clofe  his  eyes,  and  on  attempting  to 

Btfealhe,  he  was  pi'evenied'by  a  very  vTolent  fcnWof  faffbcation*. 

He  wiQied  to  get  out  of  the  tub»  but  being  unable  to   find 

the  ladder,  the  necedity  of  breathing  iiicreafed,  he  was  feized 

with  a  violent  giddinefs»^  and  felt  a  tingling  fenfation  in  his 

ears.     He  .at  length  contrived  to  extricate  himfelf,  and  al-  * 

though  he  then  experienced  no  difficulty  in  breathing,  he  was 

.  unable  to  diflinguifh  the  objeds  around  him  ;  bis'  hearing  was 

alfo  much  impaired.     On  repealing  the  experiment  he  foondj 

titat  as  long  as  he  remained  without  attempting  to  breathe,  he 

could  readily  move  or  even  fpeak,  but  whenever  he  tried  in- 

fpiration,  a  violent  fenfe  of  CulFocation  came  on. 

Gafet  which  can     But  there  are  certain  gafeous  bodies  which  may  be  drawn 

te  admitted  into  j^^^^  ^j^^  iy„gg^  meeting  with  no  oppofition  from  the  organs  of 

refpiration.     Dr.  Thomfon  has  divided  thefe  into  four  clafles* 
The  fird  fot,  he  obferves,  occafion  immediate  deaths  but  pro- 
duce no  vifible  change  in  .  the  blood ;  they  occafion  the  ant« 
Dial's  death,  merely  by  depriving  .him  of  air,  in  the  fame 
H>dr«>gcn  and     manner  as  were  he  iromeried  in  water :  the  only  gafes  belong- 
"'aL!^'"  **y  '"^^  ing  to  this  clafs  are  hidrogen  and  azot. .  The  fecond  fet  ocau 
iion  immediate  death  alfo,  but  at  the  fame  time  produce  cer* 
tain  alterations  in  the  blood ;  and  therefore  kill,  not  only  by 
depriving  the  animal  of  air,  but  by  certain  fpecitic  properties: 
G)fes  which  kill  the  gales  belonging  to  this  clafs  are,  carbucelted  hydrogent 
**y*[^?^y  P**"' fulphuretted  hydrogen,  carbonic  oxide,  and  perhaps  alfo  ni* 
trou^  gaf.     The  third  fet  of  gafes  may  be  breathed  for  fiwDe 
time  without  injury,  but  death  enfues  at  lad,  provided  their 
Nitroms  oxide     adion  be  long  enough  continued :  to  this  clafs  belong  the  ni* 
and  oxigcn  kill    ^J.^^5  ^yy^^^  ^nd  oxigon  gas.     The  fourth  fet  may  be  breathed 

by  a  flower  ac-  ,      r     •  -.i       .  •    •  .1  1  /        ■      .     . 

tion.  Any  length  of  time  without  injuiyj  the  only  gateotu  body  be- 

Atmofphcric  air  longing  to  this  clafs,  is  the  air  of  the  atmofphere,  that  com- 
maintains  life,  p^y^^j  q(  oxigen  and  azot  every  where  furrounding  the  glo4>e. 
Thii  compound  •    After  an  animal  has  breathed  a  certain  quantity  of  air  for  a 

^e"*b**^tha"  ro' ^^^^*"  ^'"'*'  '^  becomes  totally  unlit  for  refpiration  ;  and  if  the 
cefi,  air  thus  refpired  be  chemically  examined,  we  diall  find  that 

and  carbonic  acid  the  oxigen  is  greatly  diminifiied,  and  that  a  confiderable  quan** 
sas  IS  produced,   ^jj^  of  carbonic  acid  gas  has  be^n  produced. 

It 
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II  appeui  Trom  s  numbof  of  ox  peri  menu  made  by  Dr.  Hnlcs,  The  numbtr  oi 
Dr.  M«nz>e<,  and  Mr.  Davy,  ilial  the  number  ol  tofpirationnJ^J'J^ '""'"' 
iBule  ia  a  k'^*^"  I"i^>  ^^  *^'^"  '^  '^^  quanliiy  of  air  taken  in  d;ft 
Ma  the  Jungs,  are  iiabJe  lo  cnnfiJefuble  vafialions  in  differenl  J"^;  ^™  ^'J"  '" 
people.     Some  Itlvc  calculalrd  llie  number  of  relpirationi  al  (aoimsn)}  ibout 
li  oaly  in  a  minute.  u)liur>  al  20;  Mr.  Di\y  inlurmt  usliial*"' 
he  iDskei  26  »r  '27  in  a  minuti; ;  but  having  freqiieiilly  cndea- 
vixued  to  cnunl  the  rtfpiral  iims  made  by  difTc rem  people,  in  a 
given  time,  and  wirliout  their  linowledge,  I  have  fitund  iliL-m 
««r>  from  16  lu  26  in  a  minute,  moll  commonly,  however,  -iU 
'  or  '21 :  and  'Jl  in  a  minute  make  ;iO,2  VO  in  21  bnuri. 

The  qtianlity  of  air   laken  in   at  each  refpiralion,  mufi  be  E>c)>  nfptritiao 
in  prupwliun  lo  the  fire  uf  llie  perfon  and  the  capaviiy  (il  his  ^^'^-j^  *nihe AV 
lung>.     About  41  cubiL'  inches  ot  air  are  laken  in  at  every  na-iu. 
lutal  inrpiralioii. 

We  now  come  lo  confider  the  changci  which  are  produced,  Phenomeni  of 
both  in  the  air  and  blood,  by  refpiralion.     I .  On  the  change* "''"'"""'• 
effcflcd  in  the  air.     Dr.  Prieftley,  M.  Lft»oilier,  and  Mr. 
Davy,  have  lumilbed  ut  willi  many  iiilorefling  and  inAruAive 
experiment!  on  ihii  fuhjtfl.      The  chaii^i  are,  1.  That  aSsmc  lir  difip- 
portion  of  llie  air  difappeart ;  '2.  That  the  air  expired  differ*  J^j^^'n"^^^,!^ . 
from  that  liiA  taken  into  ibe  lungs  >u  cunLaniint;  carbonic  md  the  r 
add,  and  water  in  the  Hale  of  vapour.     Dr.  Meneiei  has 
Omwn,  that  ^ih  of  llic  air  infpired  difappeart   in   the  lunj;), 
mt  the  expeiiraenis  uf  Lavolfier,    which   were  made  with 
iBBch  precifinn,  dilfer  but  litile  from  the  above  rintement.     I 
never  knew  the  quantity  ol  air  which  difappear«  lo  be  lefi 
Uiui  T^i''  P^'l  "^  "'^  whole  laken  into  the  lun^ii  ihii  ma/ 
boweve:!  be  liable  lo  variation  in  diOVrent  people. 

It  hai  hithcriii  been  fuppofod  Ihat  the  potiioii  of  air  which  Tin  abfarWd  ui 
difappear»,  conJirts  of  ll>e  uxigtn  only:   Mr.  Davy  haj,  iiow- *"<!"''<''' ,' 
rt—    •  ,  ,        ,-  ,-  ,  be  o«iMii  onl' 

ever,  given  foroe  very  lirong  rcalons  lor  luppoling  il 

ute  liihcwile  difappeais  during  refpiralion.     He  fup.  bat  appesi  tote 
I  lh«l  (he  average  quanlily  of  air  which  ii  abforbed  «,'»?•«"«■ 
I^Arerjr  refpiralion,  amounts  lo  l.-l  cubic  inchet,  of  which  0.2 
Iweazotand  l.2oxigen. 

;>WBler  delects  carbonic  acid  gat   in   the  air  emitted  The  emi'ted  air 

ttota  the  lBn|[i,  and  llie  quantity  of  ihii  gaj  may  caClj  be  eft i^^^^^''"" *»'!*""• 

<aat«d,  by  receiving  ihe  air  expired  inlo  «  graduated  glvls 

I  jar,  nanding  over  mercury  ;  a  litile  cauflic  foda  being  inlro- 

1  duced,  the  abforpliuu  which  lakes  pbce  denolej  the  quantily 

Vot.  XI.— JoME,  1S05.  a  «f 
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of  carbonic  acida     Lavoifier  has  eHimatec]  the  quantilj  oF  t\i\% 
gM  thrown  out  from  the  lungs  in  24-  hours,  al  about   15.3 
ounces  troy.     Mr.  Davy  make«  ihe  quantity  thrown  out  In  the 
about  one  cubic  fame  time,  amount  to  37  ounces,  wliich  is  about  1  cubic  inch 
*^o*  '"   **  «very  expiration  *•     The  quanlily  however  varies  from  0.5 

cubic  inch  to  1.5  at  different  times  in  the  Tame  perfon,  fo  that 
But  this  Taries.  this  accounts  for  the  ^reat  variation  in  the  above-mentioned 
cx))enments.     Moreover  the  proportion  varies,  in  the  fame 
individual,  during  the  Qi-  hours;  fori  have  found  the  quan- 
tity of  carbonic  acid  gas  emitted  from  my  own  lungs,  to  be 
rather  leiii  in  the  morning  than  towards  the  evening ;  but  liiis 
alfo  varies  in  ditil'rent  people. 
Aqueous  Topour     But  waiery  vapour  is  olfo  emitted  in  refpiration,  the  grealefl 
alio  emittrdj      ^^^^  ^^  which  is  probably  given  off  by  the  exhalent  arteries, 
which  are  fo  copioudy  difpcrfed  on  the  furface  of  the  lungs. 
A  part  is  alfo  emitted  from  the  blood  in  the  pulmonary  veflels* 
in  quantity  va-       The  eilimation  of  its  quantity  is  attended  with  fome  difli- 
rjabie.  culty ;  acccording  to  Dr.  Hales  it  amounts  in  a  day  to  20 

ounces:  this  is  however  but  of  little  confequence^  for  it  is 
liable  to  much  alteration. 
Theblooaun-  More  important  changes  however  than  thofe  juft  mentioned 
tmt*Qhu^'  are  produced  by  refpiration,  namely,  the  alterations  produced 
daring  rcfpira-  in  the  blood ;  which  fluid,  returning  firom  every  part  of  the 
'**"*  body  by  the  veins,  is  poured  into  the  heart ;  from  whence, 

being  propelled  through  the  lung«,  it  is  brought  into  contad 
with  the  air,  undergoing  certain  changes  which  render  it  fit 
for  the  nourifhment  and  fupport  of  the  body.  Thefe  changes, 
which  are  of  a  wery  complicated  nature,  have  engaged  the 
attention  of  feverai  learned  and  ingenious  philofophem.  Dr« 
It  abforb^  air;     Thomfon  has  enumerated  them  as  follows:    ].  The  blood  ab- 

becimiet  florid    ^    ^  ^j       2.  It  acquires  a  florid  red  colour,  and  the  chyle  difc 
red;  emits cir-  ^  7  .        .  ' 

bonicacid;  and  appears.     3.  It  emits  carbonic  acid,  and  perhaps  carbon.     4v 

^«**' »  ■"**  F*"  Ii  emits  water,  and  perhaps  hydrogen.  Dr.  Priedlevy  NT. 
'  *    Lavoiiier,  and  Lagrange,  have  each  adopteii  a  different  the- 

Varioustbeorjcs.'orT,  by  which  they  endeavour  to  explain  and  account  for  thefe 
changes  produced  by  refpiration :  they  are  all  however  liable 
to  confiderable  objeAionsy  and  refl  merely  on  the  fuppolition 
tliat  the  oxigen  is  alone  abforbed.  Now  Mr.  Davy  hat 
(hewn,  thai  at  leaft  a  portion  of  the  azot  dilieippears  in  the 

*-%   \i^..         .J-  *  Pagr^lteftaRhefy  page 433. 
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longi  t  b«  ha*  even  rendered  il  very  probihte  rfial  the  air  ii 
WM  tiecompiile.!,  but  ilmi  ii  U  tbfotbcd  analleicd  by  llie 
bkNHi|  iJiai  II  K  deciiiupotPd  during  circulation  ;  and  ihit  Ihe 

pnrlion  of  b2oI   in  agRin   given  out.     The   following  Mr.  Divyip. 
fca«^  art  IB  fupporl  of  ihii  opinion  1   ■'  When  the  jrafeom  oxidcP'*'""^''^  , 
rcfpircd,  tU  (juanlily  IS  diminilhed,  ^aibonic   acid  with  the  oiiiu, 
gta  n  evolved  a*  ahai,  nitd  a  (juaniiiy  ul'  aaot  makci  its  ap-^- 

Nuw  ai  this  azut  did  not  cxift  Icparalely,  it  niuft^pi„UDa 4rg„ 
produre'l  by  the  d*'cumpoliiiun  of  th«  gareoai  ox-^' «' >*b<- 
ide  of  azot ;  but  iti  qu«nt>i^  being  much  Icfs  than  Ibe  beoI 
toiUaiiinl   in  lli«  oxidit  of   aKut   which   had  dilappeared,    it 
Jiillows  tbal  a  p3rtol  this  lafl  gat  had  hern  ablbcbed  unallered; 
if  a  part,  why  no)  ihe  whiile  i   [n  ihal  cafe  th«  azotic  gai 
muft  haT«  been  tVparaled  from  the  blood  by  [be  lubfequenl 
d«CMDpo(iiion  ut  the  oxide  of  asut  abfotbed  *."     Aimofpheric 
air  i*  compofed  of  exadly  Ihe  fame  ingredient  at  the  oxide 
metely  in  diSt;rent  proportions  and  in  a  Hate  of  leff 
,le  cheniical  combination.     Il  i<t  moreover  naluial  to  a[k,Oiigen  i]oiit  Is 
d'oxigen  wrru  alone  ahlorbed  by  the  blood,  «vhy  Ihould  ii""' P™P«f  for 
not  anfwer  the  f»ine  purpi<fcs  as  air  »   Il  is  well  known  that    ^"*  ""' 
gai  rannot  be  refpiied  for  a  length  of  time  without  pro- 
ing  fatal  conleqa6nce« ;  hut  even  when  il  it  Tefpir«d,  the 
qowttily  (of  oxigen)  which   difappears  ia  much  fmalJer  IhanMuch  lefi  ii  ib< 
a  like  quantily  nl   almol'phcric  aif  is  brealh«it  for  the*"!*'*  '^* 
:iifw.     Mr.  Da*)-  has  giveii  the  (iillowing  experiuienl  iniiuiniitj  ofit- 
pioof  nf  Uiis  ti&;  Hf  breathed  r82  cubic  inchei  uf  OKigen""'!'^™'"''* 

br  half  a  Riiniile,  11. ic.  inche«  dilappearedj  wherM» 
wtm  th«  Bxpetimenl  n-at  rrpeated  under  ihe  fame  circum- 
iTi  with  aimufpbertc  air,  the  (|uaniity  abforbed  amounted 
'  M.e  cobic  inches. 

It  WM  faft  ohfervod  by  Lower,   dial  the  colooi  of  v«nou<!Lower  firft  ob- 
i,  which  il  dark  reddilh  puiplo,  wai  converted  into  i|it^fc"°ii 'he 
fenlel  colour  of  arterial  btood.  in  it*  paffage  ihrougiin'tenoBi  bkni 
lun^.     Tlie  phennmena  ol  refpiraliim,   hfiweier,   (lill  ir-h  tefpiratioo. 
iosd  MWaplained,  ul\til  Dr.  I'neiilev  publiDied  liii  expen- 
lis  on   the  charge*  produced  in  venous  and  aiteriai  blood 
ra  pat  in  contact  with  eertain  gafeooi  bndien.     ••  f  He  ob.Pdellley  ftcwal 

rtt.  tbtil  having  introduced  pieces  of  the  cralTaineiiium  ot*'"""''*  ''•■ 

thi.bfoipLoa«l 

•  TIlMnfun'i  Syftem  of  Chcmiltry,  Vol,  IT.  page  71*.  ' 

I  Prirttlfjon  Air,  Vol.  III.  pag^Tl. 
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coagulated  (hcep's  blood  into  dcphlogiflicatcd  air  (oxigea  gftft); 
tlic  blacked  parts  alTumed  a  florid  red  colour,  and  thai  more 
readily  than  tliey  would  iia%'e  done  if  comnion  air  only  had 
been  nmde  ufe  of:  Whereas  the  brighteft  red  blood  becamo 
prefentiy  black  in  any  kind  of  air  unfit  for  refpiratioDf  as  ia 
fixed  air,  Sfc. ;  and  after  liaving  become  black  in  phlogi()i- 
cated  ale  (azol),  it  regained  its  red  colour  on  beiag  brought 
into  contact  witli  common  air,  the  fame  blood  becoming  al- 
ternately black  and  fcarlet,  by  being  transferred  from  phlo-  ' 
gifticated  into  dephlogifiicaled  air,  and  vice  verja,'* 

Thefe  then  may  be  regarded  as  the  experiments  which  gave 
orij^in  to  all  fubrequent  enquiries. 

The  food  which  is  taken  into  the  body  is  converted  into 
ch\  le  and  excrement  ^  ;  the  former  of  which  is  abforbcd  by  a 
fet  of  veifels  termed  lafleals,  which  convey  their  fluid  into  the 
thoracic  du6t.  The  term  lymph  has  been  applied  to  that  fluid 
which  lubricates  the  furfaces  oF  all  the  circumfcribed  cavities 
of  the  body :  This  fluid  is  ablorbed  by  a  fet  of  vefFels  termed 
lymphatics,  which  of  courfe  originate  in  every  part  of  the 
body ;  they  likewife  .terminate  in  the  thoracic  dudt,  which 
therefore  is  the  great  relervoir  of  the  abforbent  fyftem ;  it  re- 
ceives the  chyle  and  lymph »  and  conveys  them  to  the  blood ; 
they  are  here  decompofed^  and  converted  into  new  fubflances 
neceflary  to  the  fupport  of  the  body.  Now  the  coagulable 
lymph,  or  fibrina,  appears  to  be  tJie  moft  eflential  part  of  the 
blood,  for  it  is  employed  to  fupply  the  wafie  of  the  roufclea, 
Sfc.  and  Dr.  Thomfon  has  accounted  for  its  formation  in  the 
following  mannner  f:  "  It  follows/'  fays  he,  *'  from  the  ex* 
perimenta  of  Fourcroy,  that  fibrina  contains  more  azot  and 
lefs  hydrogen  and  carbon  than  any  of  the  ingredients  of  die 
blood,  and  confequently  alfo  than  any  of  the  ingredients  of 
the  chyle.  In  what  manner  the  chyle,  or  a  part  of  it,  is  con* 
verted  into  fibrina,  it  is  impoffible  to  fay  :  We  are  not  fufii- 


:  t 


•• 


*  The  food,  on  being  received  into  the  ftomach,  is  converted  into 
a  pulpy  fubftance  termed  chyme.  This  alteration  is  effe£led  by  a 
peculiar  fluid  called  gaftric  juice,  which  is  fecreted  by  the  internal 
coats  cf  the  ftomach.  The  chyme  thus  formed  is  propelled  into  the 
c!uodenum,  >^hcre  it  meets  with  the  bile,  which  converts  it  into  a 
ituid  much  refenibling  milk,  termed  chyle,  and  into  excrement. 

f  Tbomfon's  Clicmiftry,  2d  Edit.  Vol.  IV.  page  725. 
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ct«n(Iy  ■n^uainled  with  the  fubjefi  (o  be  able  to  evplain  the 

pmceff.     Bui  we  can  fee  »t  lesff,  ihal  carbon  and  hj(li"g*n  uft  ofrefpin- 

miifl  be  abOraaeil  rrora  thai  pjrlof  llie  chyle  whicli  U  ip  be  t"™. ''"''•"™- 

convened  inio  (ibrlna.  and  we  knew  ihal  lliefe  rubllarcei  ale 

•AuRv  Ibrown  out  in  rdpiraiinri.     We  maj  conclude  then 

Ital  one  ufe  of  ihc  air  abfiiTkcl   it  to  abOrafl  a  quantity  of 

cvbon  and  hydrogen  from  n  part  of  the  clijle  b)  compound 

aSnit^,  in  fUch  8  manner  that  the  remainder  becomes  librina; 

Therefore  one  end  of  nTpimiion  is  lo  form  fihrina. 

It  appears  then,  from  the  abovp.menlioned   fa&f,   (hat  the  Life  onnoi  (ub' 
pericflion  of  the  blood  is  alm.ifi  loially  dependent  on  refpi-  '''^  "'"'""'(  "- 
ration;  whenever  therefore  ihis  lunSion  is  fufpcnded   but  tor 
a  very  fliort  time,  death  is  ihe  c<>rtt'i|jenc«. 

It  il  well  known  llial  all  the  inore  perlcft  animals  polTcTs  a  TheelfnRd 
IciDpcralure  cruiriderably  hi;;her  than  the  fuTroDndJiig  ^tmo- J^"^'™"  ^^ 
fjihcre:   the  caufe  however  of  iliis  increafed  temperaliire,  re.  animiliiicmfcd 
m»mcd    un«pbmed  for  a  corfiderable  lime.      At  length  Dr.  ^J,„''^„™„''^";j: 
BlarV'i    theory  of  latent  heal    became  known,   when  feveral  fjtion  of  in. 
■Ileiupu  wpre  nude  to  explain  liie  caufu  of  ihe  increafe  of  ,. 

temperature,  or  flaudard  heal  of  the  body,  bul  none  of  thcra 
were  faii>fiifloi|.  Dr,  Thontfon  ha*  however  given  us  the 
Ibtlowinf;  ingeniotK  ihenry  :  As  Ihe  air  h  abforbcd  unaltered 
by  Ihe  blood,  it  U  eviderl  thai  it  will  give  out  the  greaieft 
portion  □(  il<  caloric  during  circulation  ;  Ihal  portion  thetefure 
wludi  ii  emilied  al  the  inllant  thai  ihe  air  comhlnt.-s  wilh  the 
hluod,  il  united  la  the  r.itbonic  acid,  convening  il  into  the 
ibie»r  gas.  and  the  water  imo  vapour.  Ii  appears  more- 
over, that  the  heal  of  the  blood  is  ff-mewhat  raifed  during 
circulation  j  for  Mr,  John  Hunter  found  that  Ihe  blood  in  Ihe 
heart  was  a  degree  higher  than  in  any  other  part  of  ihe  body. 

Ftom  Ibe  ba<  which  have  now  been  all..d..d  lo,  it  appears  R,„p;,„|„i^ 
lh«lltpefolliiwing  change«are  produced  by  refpiraiion  :  The 
blood  is  propelled,  by  iho  conlradic>n  of  Iheheaii,  into  ihe 
pDlmorory  artery,  which,  by  its  numerous  raraificalions,  con- 
reyi  the  blood  inIo  the  frnwll  branchc*  of  the  air-cells  of  the 
lungs,  which  are  of  fo  fine  a  lexture  as  lo  admit  the  ohforpiiun 
nf  a  jMirtion  of  air.  The  blond  liavtng  undergone  this  aliera. 
lion,  is  relumed  into  the  heart  by  the  pDlmotiary  veinii,  from 
whence  il  is  circulaled  over  llie  whole  body.  During  ihe  cir- 
culation, the  air  which  has  been  abforbed  undergoes  a  gradual 
decompoGtioD  i  CwtMBic  atidanfl  walei  aru  furmed,  whr^h. 


tagetlmr  vriih  •  portion  of  axot,  sfe  returned  by  (he  Tetns,  snd 
thrown  o«t  as  the  blood  pafles  throu|(K  the  Ittngf.     A  freih- 
portion  of  air  is  at*lhe  fame  time  abforbedy  ami  the  above 
changes  repeated. 

Theie  then  are  the  effeAs  of  refpiration,  as  far  at  we  are  at 
prefent  acquainted  with  them ;  but  (hi^  important  branch  of 
ph)r(iology  ftill  reonains  in  confidcrrable  obfcurity. 

Arlington  Street,  WILLIAM   BRANDE. 

j^ril  29,  1805. 


IV. 

JvfiruStionon  tkeProceJfea  di/cover.ed  hy  A/,  Baalle,  of  Amiens, 
for  waUrii^  Hemp  in  Two  Hours  Time,  in  ull  Seafons,  vdtltm 
OiU  if^uting  its  Quality  *.     PuOl/Jhed  by  Order  of  the  Minifier 
qf  the  Interior  qf  France. 

^  In  the  month  of  Fruflidor  in  the  year  XI.  (September  1803.) 

of  the  French     ^he  government  called  to  Paris  M.  Bralle,  of  Amiens^  the  in* 

louernmeat*       ventor  of  new  proceiTes  for  watering  hemp.     This  difcovery, 

wliich  is  intereding  to  agrlculluref  manufadures,  commerce, 

and  the  marine,  had  engaged  its  attention  ;  orders  were  given 

to  make  the  experiments  requifite  to  afcertain  its  value. 

Every  thing  which  could  elucidate  the  principles  and 
practice  of  M.  Bralle's  procelTcs,  which  could  prove  and  in* 
fure  their  fuccefs,  was  put  in  praclice.  Nuiperous  and  varied 
trials  were  made  in  the  prcfence  of  M,  M.  Monge  and 
Berthollet,  feuators,  and  Teiflier^  member  of  the  Inflitute. 
M.  Molard^  adminiilrator  of  the  confervatory  of  arts  and 
snanufadluresy  directed  thefe  trials,  and  carefully  purfued 
them  for  iix  months.  The  refults  were  equal  to  the  ex- 
pectations that  had  been  foriped. 

From  the  account  rendered  to  his  imperial  Majefty»  it  was 
judged  that  the  knowledge  of  a  more  es^peditious  method  of 
watermg  hemp,  than  thofe  employed  at  prefent,  which 
IS  practicable  at  all  feafons»  and  h  in  no  refpcd  injurious  to 
health,  bv  means  of  which  a  greater  produce  can  be  obtained 
from  an  equal  quantity  of  the  materials;  and,  which  mud  extend 

*  ^fcm  3ibljotheque  Phyficp  Economi^uey  Bnimaire,  An.  XHU 

and 


•nd  BHilliply  the  culture  of  an  extremely  valimble  plant,  coild 
not  be  too  exleniively  pubiifhed.  In  conformity  to  Ihix  deHre,* 
W€  IbaJI  briefly  defcnbe  M.  Bralie't  procefTen,  relate  the 
experiment^  which  have  l>een  made,  and  otfer  fome  obferva- 
tionf  on  the  utility  aod  advantages  which  are  promifed  by  this 
new  dUcovery. 

The  ProttJftM  of  M.  SraOe. 

The  meant  used  by  M.  Bralle  for  watering  hemp,  are         M.  Brane*t  pio- 

1ft.  Water  it  heated  in  a  vefic-l  to  the  temperature  of  from  f^'  -^^1^^ 
72*"  to  76^  of  Reaumur's  thermometer;  (200^  fahr.)  in  hot  water 

2nd.  A  quantity  of  green  foap  (Javomtrd)  is  added  pro- ^'^^^^^^    t 
portional  to  the  quantity  of  the  hemp  to  be  deeped. 

Srd.  The  hemp  is  then  immerfed  fp  that  it  fliaU  be  covered  hy 
the  fluid,  after  which  ihe  veilel  is  doled,  and  tlie  fire  put 
•at. 

4th.  The  hemp  is  left  in  this  flate  of  maceration  for  two 
boune,  and  then  taken  out« 

The  weight  of  foep  required  for  a  complete  deeping,  is  to  Propwtioat  o£ 
that  of  liemp-iialks  as  1  to  48  ;  and  the  weight  of  the  hemp  ^"^^ 
to  th^t  of  tlie  water  as  48  to  630. 

Several  fteepings  may  be  made  one  after  the  other.     It  i«  The  procefi  may 
fufiicient,  before  each  new  inimerfidn,  to  add  a  quantity  ofj^jj^*^^^*** 
(bap  water  to  replace  what  was  abforbcd  by  the  preceding,  the  fame  water, 
and  to  raife  the  temperature  of  the  baih  to  the  above  degree. 
The  fame  water  may  be  thus  employed  for  fifteen  fucceffive 
day*. 

When  the  bundles  are  taken  out  of  the  fteeping  veflel,  they 
are  covered  with  a  la)er  of  fliaw,  tliai  they  may  cool  gradually, 
without  lofjng  their  humidity. 

Next  day  they  are  fpread  on  a  floor,  puftiing  the  bands  to-Bicaking  the 
wards  4he  top  of  the  Aeins,  and  a  roller  of  ftone  or  wood,        * 
loaded  with  a  weight,  is  pafTed  feveral  times  over  them,  to 
cruth  tbemy  and  difpofe  ide  tow  to  be  cafily  feparatcd  from 
liic  reed,  which  is  eflfc^^ed  by  beating.     Whether  the  heropbeadog. 
be  wet  or  dry«  it  peeU  completely  in  either  ftate. 

After  having  tied  the  handfulK  of  the  tow  peeled  off  while 
wet,  at  Ihe  top,  ihey  are  fpread  on  the  grafs,  turned,  and, 
after  five  or  fix  days,  carried  to  the  warehoufe. 

Tlie 
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Tlie  handfulls  of  fieeped  and  cruflied  hemp  whicb  are  in* 
tended  to  be  beaten  and  ftripped  dry  muft  alfo  be  expofed  on 
the  grafs ;  this  operaliun  being  abCoiuiely  neceflary  to  whiten 
the  tow,  and  facihtate  the  reparation  of  the  reed.    . 

§11. 

Recapitulation  of  the  Experiments, 
The  experimeaty      gy  means  of  a  portable  fteeping  veflTel,  diifercnt  qaantities 
^ottv^'nthc       ^^  hemp  were  deeped,  the  temperature  of  the  foapy  liquor 
ijtquifite  was  varied  at  pleafure,  and  the  (late  of  the  hemp  was  obferved 

during  the  courfe  of  each  operation,  of  which  the  duration 
was  more  or  lefs  prolonged,  in  order  to  afcerlaip  ; 
Teaiperttiirey         }  ^*  The  temperature  which  the  foapy  liquor  ought  to  have 

before  the  immerfion  of  the  hemp ; 
tine,  and  2nd.  The  tiipe  neceflary  fur  a  complete  fteeping,  at  a  de« 

terminate  temperaturp; 
proportion  of  3rd.  The  quantity  of  foap  abfolutely  neceflTary  for  a  given. 

^'^'  weight  of  bcmprrc4lks,  weighed  before  the  iromeriion,  &c. 

Befultt  or  From  a  great  nurobtT  of  experiments  made  in  the  months  of 

general  ^^^'  January,  February,  and  March  lall,  it  was  found« 
nroceft.  1^*  That  water  containing  the  quantity  of  green  foapdireQed 

by  M.  Bralle,  for  a  given  weight  of  hemp,  efTe^s  the  keeping 
completely  ; 

2nd.  That  the  deeping  is  fo  much  the  more  fpeedy  as  the 
temperature  oH  the  fluid  is  nearer  to  ebullition,  at  the  time  of 
the  immcrfion  of  the  hemp ; 

3fd,  That  if  the  hemp  be  kept  more  than  two  hours  in  the 
fleeping  vefle),  the  time  prefcribed  by  M.  Bralle  for  obtaining 
a  complete  watering,  the  tow  feparates  equally  well  from  the 
reed,  but  it  acquires  a  deeper  colour,  and  lofes  part  of  ita 
ilrcngth ; 

4lh.  That  if  the  hemp  b^  immerfed  in  a  cold  foapy  liquor, 
and  heat  be  then  applied,  the  keeping  is  not  accomplitbed 
fo  perfedlyy  whatever  degree  of  temperature  may  be  given 
to  the  liquor,  and  however  long  the  immerfion  may  be  con- 
tinued f ; 

5th.  That  the  bundles  of  hemp  immerfed  and  kept  vertically 
ip  the  veflel^  are  fieeped  more  uniformly  than  if  they  were 
laid  horizontally ;  and  this  poiition  alfo  facilitates  the  manipula- 
tion. 

*  Probably  the  fluid  between  the  fibres  is  not  heated,  becaufe  its 
f  ondufling  power  is  bad^  and  it  is  prevented  from  circulating.     N« 

§  III. 
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§  ni. 

ObftTvations  on  the  Utility  and  Jdvtndagcs  of  the  New  Difcovtty* 

Two  methods onl^  oi  Itrtrjjinjj  iiemp-^re  jfenerally  praAifed.  Defcriptioo  •f 

The  tiili  cmfiftri  in  fpreading  ihe  p'anl  oft  ihe  j^afs,  an<Jl  ftec ping  heraiu 
luniin)r  jt  two  i>r  three  times  a  we«'k,  until  the  air,  the  light*  the  as  heretofore 
dews  or  the  rains  have  difpoTed  the  tow  to  feparate  eafily  from^"    f  . 

the  reerl^     The  refuU  is  obtained  in  a  longer  or  Oiorter  time^graiiu 
according  to  the  weather  and  the  (late  of  the  air ;  and  fre- 
quentljt  in  certain  countrie.s  the  operation  is  not  finiOied  in 
Icfs  than  forty  da\s. 

The  lecond  coniiih  in  iromerfing  the  bandies  of  hemp  in 2.  Steeping.- 
rivcrit  brooks,  ditches,  or  pools,  and  keeping  them  there  tot 
eight,  fifteen,  twenty,  or  even  thirty  days,  according  to  the 
degree  of  the  beat  of  the  water,  or  oi  the  atmofphere. 

The  maceration  effected  by  both  thefe  prooeffes  is  frequently  Thefe  procefler 
ijicomplete,  and  always  unequal.     By  following  the  fiift,  the  ^"^  ^^*^^*'*" 
cultivator  is  liable  lo  have  hU  crop  difporfed  by  the  wind^,  or 
injured  by  long  rains:  if  he  aduptt  the  fecond,  he  runs  the   •  .• 

nlk  of  lofing  a  part  ol  it  by  the  overflowing  of  the  rivers,  or 
of  its  being  covered  with  mud.  The  hrfl  method  in  particular, 
i«  liable  to  the  ferious  inconvenience  of  depriving  the  .national 
marine  of  part  of  il)e  hemp  produced  by  our  territory :  it  is 
known  that  the  tow  produced  from  the  hemp  which  has  been 
expofed  on  the  grals  is  not  ufed  by  the  government. 

The  Aeeping  of  hemp  according  to  M.  Bralle's  prooefi,  Superiority  of 
requires  only  a  copper  cylindrical  vcflel,  placed  on  a  froall    *  "c^proow* 
furnace  of  bricks. 

A  lleeping  vefTel  of  this  kind»  containing  240  litres  ( of 
water,  {52  ale  gallons)  is  (ufRcient  to  deep  18  kilogrammes  of 
hemp-dalks,  (about  40lb«)  and  as  the  operation  is  completed 
in  two  hours,  100  kilogrammes  (21^  I  lb.)  may  be  eafily  (teepod 
in  a  day. 

This  method  appears  to  deferve  the  preference  over  the 
former  ones,  on  many  accounts. 

\(k,  1  he  (iceping  is  pradlicablc  all  the  year,  except  during  It  is  praaieakle 
very  hard  frofts,  when  it  is  difficult  to  dry  the  hemp.     But  *^  ^*  3'**'* 
\%hen  it  is  to  be  peeled  wet,  the  cold  is  no  longer  an  obftacle; 
it  is  then  only  necelfary  to  take  proper  precautions  for  pre- 
ypjling  the  tow  from  ircezing  in  its  humid  (late. 

5  2nd.  ThfK 


fi"**  ^■•^  2nd.  The  time  of  fteeping  being  only  two  hmim,  tffbr^  « 

faving  of  time  of  great  value  to  the  coltivator,  particularljr 
during  the  feafon  of  harved. 
W^^^^IHiidi  ■^''^•The  workman  hat  no  canfe  to  fear  any  injury  c^  bit 
'lieaith :  it  is  fufficient  to  keep  up  a  current  of  air  while  the 
bundles  are  plunged  into  and  taken  oat  of  the  deeping  veRel ; 
the  hand  tolls  of  ftalks  or  tow,  which  are  afterwards  eicpofed 
on  the  grafs,  do  not  emit  any  bad  fmell,  or  vitiate  the  parity 
of  the  air,  whatever  may  be  the  quantity  of  hemp  dried  at 
once  in  the  fame  piaoe. 

Every  one  knows,  that  when  (he  bundles  of  hemp  deeped 
in  water  in  the  old  method,  are  taken  out  and  wafbed,  they 
emit  an  infedious  odour  which  becomes  4nfopportable  during 
Um  heats,  and  to  which  ferions  diforders  nre  afcribed.  Tfio 
valley  of  the  department  of  (be  Somme,  and  many  others  in 
which  hemp  is  (lee||ed«  afford  too  convincing  proofs.  The 
waters  are  rendered  unfit  for  'the  iiie  of  ca(tle»  and  the  fifii 
contained  in  them  are  frequently  deftroyed. 
Apptratos  on  a  To  accelerate  the  operation  of  deeping  by  the  new  procefsy 
brger  fute.  '^  countries  where  tKoi]|k  is  an  extenfi^e  culture  of  it,  inftead 
of  the  portable  deeping  veffisl  which  was  made  ^ufe  of  in  the 
experiments,  the  following  apparatus  may  be  adopted,  oon« 
^Hing  of  a  boiler  and  four  wooden  tubs,  ferving  for  deeping 
veffels. 

After  having  heated  the  foapy  mat(er  to  ebullitiniit  it  ii 
/ofered  to  flow  thniugh  a  cock,  into  two  of  thefe  tubs  fUIed 
with  bundles  of  hemp,  and  clofed  by  a  cover:  while  (lie  deep* 
ing  is  going  on  in  (he  (wo  fird  (ubf,  (he  neeeffary  quantity  of 
liquor  is  hea(ed,  to  i>e  conveyed  in(o  the  other  two,  which  are 
mlfb  filled  with  bundles  of  hemp,  and  dofed  with  lids. 

'By  means  of  this  very  dniple  apparatus,   a  confiderable 
^quantity  of  hemp  may  be  deeped  in  a  day  without  interrup- 
tion. 
Comparative  4th.  The  expence  of  deeping  in  wa(er,  compared  wi(h  that 

taprncc  of  the    required  by  the  roe(h<)d  of  M.  Bralle,   is  nearly  the  fame, 
''^     *     when  thefmall  deeping  veflTel  is  made  ufe  of;  but  if  a  cauldron, 
rather  large,  and  (he  deeping  tubs  which  have  been  men(ioned 
are  employed,  the  cod  will  be  diminiflied  more  than  a  half. 

In  fid,  the  expence  of  (he  fird  includes  the  convc)  ance 
of  the  hemp  to  be  f^ped,  the  time  employed  in  forming  the 
iMindles  of  hemp  into  a  fort  of  rafts,  that  they  may  be  funk 


by  hading  Uiem  wilfa  Aones,  turf»  clods  of  eaitb»  and  eveo 
OMd;  ia  $xifi|(  and  iecurin^  tbefe  rafts  by  driving  in  (lakes ;  ^ 
tedious  work,  and  the  more  (roublefome,  becaufe  IQ 
kilflf^ammeii  of  hernp-dalki  cannot  be  immcrfed  without  a 
weight  of  15  or  20  kilogrammes  Mid,  alter  the  HeepiD^^y  all 
this  ma&  a\u(i  be  removed,  to  take  the  bundles  out  of  the 
valer.  and  walh  them. 

The  coft  of  the  new  procefs  con(ifl<i  principally  in  the  price 
ef  the  iblirent  made  ode  of»  which  amounts  to  about  e^ht 
cecticaes  for  a  kilogramme  of  tow.  To  this  (hould  be  added 
the  price  of  combuftibleneceflary  for  heating,  the  liquor^  if 
this  combuliible  was  not  afforded  by  the  reeds  of  Uae  bundles^ 
wbeiber  tkey  are  peeled,  wet  or  drp 

Ai  an  equals  expence,  the  new  procefx  is  flill  preferable  to 
the  old,  becau(e«  from  what  has  been  laid,  it  renders  the 
muMpuJation  more  expeditious  and  more  eafy. 

Mk*  £tght  kilogrammes  of  hemp-flalks  lleeped  by  the  new  contptntifeiM- 
procefsy  commonly  proiiuce  two  kilogrammes  of  pure  tow,"""* 
hy  peeling  when  wet ;  whorcas  hemp  iieeped  in  water  by  the 
okl  procefs,    and  bealeny   does  not  yield  more  Irom  eight 
kilogrammes  than  one  and  a  half* 

The  dry  peeling  of  hemp  deeped  in  the  old  way  does  nol 
produce  the  fame  quantity  as  that  which  is  peeled  when  wet; 
ihe  breaking  of  the  reed  in  many  places  occafions  a  greater 
lafs  of  tow. 

The  hemp  being  wafbed,  beaten  and  combed  in  the  old 
method,  a  kilogramme  of  long  tow  is  obtained  from  four 
kilogrammes  of  tiie  rough  tow ;  the  remainder  is  ihort  (lu^, 
hards  and  dull. 

The  (ame  quantity  of  hemp,  manipulated  in  the  new  way, 
yields  two  kilogrammes  of  long  tuw,  one  kilogramme  of 
fecond  tow,  and  about  a  kilogramme  of  ihort  it u£F and  hards. 

Thus  from  eight  kilogrammes  of  hemp-ftalks,  two  kilo- 
grammes are  obtained  in  rough  tow  by  the  new  procefs,  and 
from  this  quanffly  is  obtained  one  killogtamme  of  the  firil 
tow,  which  does  not  exid  in  any  known  manipulation. 

6th.  The  inhabitants  of  the  banks  of  rivers  and  of  theExtenfionofdie 
valleys,   are  ahnoft  the  only  perfons  who  cultivate  hemp;*'*l'"'*^banp« 
they  owe  this   privilege  to  the  vicinity  of  the  waters,  and 
the  humidity  of  the  foil.     By  the  new  procefs  the  culture  of 
litmp  will  be  es^tended  to  all  places,  and  procure  a  new  and 

vefjr 
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very  advantageous  occupation  to  the  inhabitants  of  the  p!ainf« 
the  land  of  which  is  much  more  vegetative  than  that  of  the 
marfhes. 

It  is  an  error  to  fuppofe  that  hemp  cannot  grow  to  a  great 
height  in  the  plains ;  it  is  a  fa6t,  that  it  rifes  to  the  height 
of  two  yards)  in  land  which  has  been  well  ploughed  tnd 
manured,  when  mild  rains  have  promoted  germinanatioa 
and  growth. 

It  is  equally  a  (kCt,  that  there  is  every  where  a  fufficient 
quantity  of  fpring  or  ciflern  water  to  deep  the  hemp  by  the 
new  procefs :  if  droughts  fliould  fupervene,  which  befides  are 
only  accidental^  the  keeping  may  be  deferred. 

It  will,  therefore,  be  podible  to  cultivate  hemp  in  the  phin% 
tnd  in  low  lands,  which  are  always  rich  and  Grille,  though 
frequently  without  fprings  of  water,  and  to  augment  not  only 
the  mafs  of  our  produds,  but  alfo  our  riches  of  this  de(crfp» 
tion,  fince  one  acre  of  good  hemp  yields  as  much  profit  at  two 
acres  of  wheat. 
Sommary  of  the     Such  are  the  effeds  which  may  be  expedted  from  M.  Bralle'a 
admtages         ^^^  method  of  deeping  hemp.     It  is,  as  was  obferved  at  the 
proccis.  commencement  of  this    in(lru6)ion,  more  expeditious    than 

thofe  hitherto  employed  ;  ft  perfe6tly  completes  the  fteeping; 
it  may  be  ufed  at  all  feafons ;  it  does  not  affect  the  purity  of 
the  air ;  from  an  equal  quantity  of  materials,  it  procures  a 
more  abundant  produce ;  and  laflly,  it  is  well  calculated  to 
extend  the  cultivation  of  the  plant  itfelf.  The  enlightened 
lovers  of  agriculture,  and  well-informed  proprietors,  who 
live  upon  and  cultivate  their  own  edate;:,  without  being 
Haves  to  the  cudomary  pra6lices,  will  adopt  it,  and  fecure  its 
advantages,  by  repeating  the  experiments  which  have 
afcertained  its  merit,  and  alfo  by  making  trials  on  a  more 
extenfive  fcale  than  thofe  which  took  place  in  the  cortfervafory 
of  arts  and  manufa^ures.  Their  example  will  be  followed, 
the  procefs  of  M.  Bralle  will  be  extendedi^nd  we  (hall  fei 
portable  deeping  veflTels,  drhilar  to  thofe  ufea  by  M.  Molard, 
multiplied;  a  cheap  apparatus  which  requires  very  little 
repairs,  and  by  means  of  which  the  hemp  grown  threngh  the 
extent  of  one  or  of  feveral  communes  may  be  deeped  even  iii 
the  field  on  which  it  grew. 
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V. 

tkjcription  qf  a  Portable  Steam  Engine.    Bj^  Mr,  Mattbiw 

MUR&AY. 

To  Mr.  NICHOLSON. 
SIR, 

1  TAKE  the  liberty  of  handing  you  the  defcription  of «  port- 
lUe  tem  engine  of  my  confiru6lion,  which  you  will  have 
the  goodnefs  to  infert  in  your  Philofophical  Journal.  I  wiH 
jdl  oUerve  it  is  reduced  to  the  fewefl  parts  thai  prafiical  utility 
will  admit,  whfbh  mud  neceflfarily  render  it  of  great  advantage  $ 
as  the  fimplicity  of  its  parts  make  it  nearly  impofliUe  to  be 
ooft  of  order  with  a  very  moderate  degree  of  management. 
The  following  defcription  and  reference  to  the  plate  will  ex- 
pUn  the  nature  of  this  engine. 

I  am.  Sir, 

Your  much  obliged  humble  fervant, 

MATTHEW  MURRAY. 
iUk,  Mmylikf  1805. 

DfJcripUtm  qf  &  Portable  Steam  Engine.        Plate  VII. 

A  A  Reprefents  the  ground  or  floor  on  which  the  engine  DeftriptSan  of  a 
flands.  P^'?"^ " 

B     Sedion  of  a  receft  made  in  the  ground  for  the  beam  O 


to  work  in. 

C.  Iron  cifiem  refting  upon  the  ground  or  floor  covering 
Ibt  Mceb  for  the  beam. 

D  An  opening  in  the  floor  to  adroit  a  boy  to  oil  the  centers 
of  the  boMD. 

£  A  double  Aeam  cylinder,  having  an  upright  pipe  in  tho 
ifltennediate  fpar|,  which  effeds  a  communication  between 
Ibe  top  and  bottcml  and  the  valve  box  G. 

F  A  ftean  pipe  that  communicates  with  the  boiler  through 
which  all  the  Aeam  paflTes  and  furrounds  the  inner  cylinder  in 
its  way  to  the  valve  box,  prior  to  iu  application  againfi  the 
pifton. 

G  The  valve  box.  fixed  upon  a  prc^jedion  from  the  cylin* 
4er  bbttoro,  having  an  opening  or  connedlion  with  the  interval 
between  the.  ^o  cylinders.    In  this  opening  it  a  regulating 

vali^ 


Defcfipdcn  of  valve  for  adjufling  the  qoantity  of  fleam  (that  a£!s  againft  the 
a^mMefteam  pjfton)  in  its  palfage  through  ihe  valve  box.  There  are  alfo 
three  other  openings  in  the  bodom  of  this  valve  box,  one  of 
ivhich  conne6hi  with  the  top  of  the  cylinder  by  the  pipe  in  the 
intermediate  fpace,  the  fecond  with  ihebottom^  and  the  third 
with  theedudlion  pipe  that  leads  to  the  condenfor.  Two  qf 
thefe  openings  are  alternately  conne6led  together  hy  a  Hide 
valve,*  while  the  third  is  left  open  for  the  admiffion  of  Aeaok 
to  the  pfton,  this  valve  changes  its  poUtion  at  the  end  of  eacl» 
Uroke  of  the  piUon»  and  peribrms  all  the  porpofet  of  the  noft 
complicated  machine. 

H  The  air-pnro  p  cooneded  with  a  condenfer  at  the  boltoflft 
of  the  eduction  pipe.  • 

1.  The  fly  wheel  fixed  upon  an  axis  which  receivea  iie 
motion  from  a  crank  conneAed  with  the  beam  by  the  rod  K. 

LL  Two  rods  for  connecting  the  motion  of  the  pifton  to 
the  beam,  thefe  rods  move  perpendicularly  by  a  motion  which 
could  not  be  conveniently  fhevvn  in  tliis  view  without  render- 
ing it  confufed. 

M  A  fplicrical  triangle  turnM  by  the  crank  for  moving  the 
Aide  valve  by  the  horizontal  rod  N  that  conneds  them  toge* 
tlier.  This  motion  has  the  advantage  of  preventing  the  engine 
from  ever  turning  the  contrary  way  round  from  that  which  it 
b  wanted  to  go,  and  prevents  the  noife  that  is  nfually  heard  io 
engines. 

O  The  beam  attached  to  the  bottom  of  the  cifiem  C  by 
Ineans  of  the  hanging  carriages  P. 

Q  A  reft  or  fixture  in  a  wall  for  the  end  of  the  fly  wheel 
(haft;  this  will  vary  according  to  the  iituation  where -the  en* 
gine  is  to  be  fixed,  or  it  may  be  fupported  by  a  metal  flanderd* 

R,  Index  to  the  injection  cock  that  admits  water  to  Che 
condenfer.  KotCf  The  ciflern  is  to  be  kept  nearly  fail  of  weter 
during  the  tine  the  engine  is  at  work.         ^ 

The  cylinder  G  and  valve  box  £  muf^  beuirrounded  on  all 
fides  by  a  cafe  (not  (hewn  in  this  view)  the  fpace  between 
filled  with  charcoal  to  prevent  the  tranfmiffion  of  heat,  whict 
if  effedoally  done  will  work  with  the  leaft  poffible  qoaetity  of 
coals,  as  it  combines  the  advantages  of  every  other  engine 
hitherto  known.     By  detaching  the  air-pump  and  coDdeaTer 

*  For  tbcA  valvet  1  teak  out  a  patent  in^lMMI*  . 
-^  (^wbich 
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(which  may  be  done  in  half  an  boar)  and  where  water  camioi  Deferipdon  of 

be  had  for  coodenfation,  thii  engine  may  be  worked  by  the  l^j^ 

pretfure  of  ftrong  ftcam  alone,  m  the  internal  cyh'nder  is  kept 

as  hot  a«  the  f)eam  in  the  boiler.  *     This  dangerouft  plan  n^er 

oaglit  to  be  reforted  to  but  in  cafes  of  neoefity,  as  it  is  no  fav* 

nt%  off  coals,  and  an  there  can  be  no  certain  rale  when  to  dii^ 

continae  the  ufe  of  the  boiler,  the  weaknefs  of  which  is  not 

prevented  by  putting  the  tire  in  a  tube  in  the  iofide  of  it.  This 

engine  requires  no  framing  nor  milUwrigbC  work  in  the  fixing* 

bat  merely  bolting  do^K'n  to  the  ioor  it  fiands  upon.     It  takes 

Qp  very  little  room,  and  all  Its  parts  are  within  reach,  without 

(be  neceflity  of  apper  floors  or  (iages,  which  would  be  the  cafe 

if  the  beam  wa^  above;  but  by  being  6xed  bek>w  and  alotte* 

U  hai  no  tendency  to  move  from  its  fituation. 


VI. 

Utter  from  Mr,  J.  C.  Hornblowbr,  Engineer,  ontkeMea^ 

Jure  qf  Force  by  Horje  Fower9^ 

To  Mr.  NICHOLSON. 
Dear  Sib, 

1  AM  induced  to  trouble  you  on  account  of  the  prefent  un-  Uncertajnty  of 
ietlled  ftate  of  tilings  refpefling  what  is  ufually  called  the  power  J^***^  '*  """"If  ^ 
of  u  kor/e,     I  do  not  know  why  a  matter  of  this  fort  (houldahorle. 
remain  fo  difregarded,  efpeciaily  as  it  has  fo  kmg  become  one  - 
of  our  data,  comprehending  the  unities  of  weight,  fpace  and 
tiflse^  by  which  we  are  to  be  underflood  in  our  communica- 
Ifons  on  the  fuljed,  and  by  which  we  are  to  afcertain  the  pre- 

* 

*  Many  engines  are  at  prcTcnt  worked  in  London  and  elfewlnere 
by  the  mere  forcA]f  ftcam,  without  condcnfation,  under  Trevichick^ 
patent.  The  force  is  from  45  to  60  lb.  on  the  round  inch;  a  prtf- 
ibrc  equal  to  ahout  95  fathoms  of  water  at  the  moft.  Varioes  af- 
ftrtions  and  reports  concrmiii^  the  fafety,  the  economy,  tmd  the 
other  efTcAs  of  thefc  engines  have  pafled  under  my  notice ;  bat  tbe 
iaterefted  fituation  of  Come  of  the  narrators  on  both  fides,  and  the 
fliort  time  of  trial,  have  induced  me  to  wait  for  more  fads  before  I 
fliould  give  any  account  of  the  engine  in  this  JournaL  I  boft  tm 
do  this  a  hw  months  hence.— W.  N. 

ciie 
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cife  valae  or  effe^  of  any  mill  or  engine  in  and  about  London^ 

Indeed  I  do  not  know  vrhy  it  was  adopted  for  the  purpofcs  in-« 

tended,  it  being  fo  indefinite. 

This  unity  pro-     I  can  eafily  conoetve  it  probable  that  fomebody  who  has  em* 

baUy  arofe  (mm  ployed  horfes  for  feme  time  in  mill-work,  may  have  applied  to 

being fubftituted^Q  engineer,  and  faid  *^  I  have  a  mind  to  have  my  work  done 

fishorles.  by  a  fieam  engine  iniiead  of  horfejti  for  I  am  to  a  point  that  I 

(ball  fave  money  by  it,  and  pleafe  to  give  me  an  eftimaie  of  the 

cod  of  an  engine  that  will  do  the  work  of  my  horfes;"  and 

then  the  engineer  fets  about  getting  information  as  to  what 

may  be  deemed  the  effecl  a  horfe  can  produce,  and  calls  it  the 

Defaguliert        horjh  power;  and  perhaps  liaving  I>tffagulier\>  Experimental 

***^iK*"  Y ?     Philofopby  at  hand,  applies  to  him,  and  there  he  finds  that  a 

iet  per  minute J^^**^^  ^"^'i'l  ^^^^^  ^  hogihead  of  water  50  feet  high  in  a  minute; 

then  what  is  the  weight  of  a  hogAiead  of  water,  and  he  finds 

from  fome  particulars  related  by  himi  2nd  vol.  page  505,  that 

a  hogfliead  of  water  is  equal  to  530  lb.  but  of  what  meafurc 

is  uncertain,  for  the  ale  hog  (head,  51  gallons,  is  540  lb.  and 

the  wine  hogQiead,  63  gallons,  is  504  lb.  reckoning  the  cubic  . 

foot  at  1000  ounces  avoirdupois. 

Anodier  efti-         Some  engineers  who  have  very  unceremonioufly  taken  the 

mate;  ""'^X     lead  in  this  affair,  Mve  adopted  I  do  not  know  wliat  for  a  da^ 

DefagulJertt       ^^'^t  ^^^  ^^^^  refult  is  this:  An  engine  by  calculating  10  lb.  on 

the  fquare  inch,  making  the  whole  preffure  =  1000,  moving 

through  200  feet  per  minute,  is  called  a  fourJtorJh  engine,^^ 

Let  us  fee  then  wiuit  will  be  (he  effed  of  one  horfe  according 

to  this  fa£l. 

1000*^'  X  200*"^  =  200000  =  the  whole  eflea,  then    ■ 

=  the  effefi  of  one  hoi  fe.    Now  compare  this  with  the  eHimatc 
of  Dr.  Defaguliers,  which  is  a  hogfhead  of  water  at  550  lb. 
50  feet  high  in  a  minute;  550  lb.  x  50  ft.  =27500  and  ;  50000 
—  27500  =  22500  =  the    difference  between    one    of  Mr. 
Watt's  horfes  and  one  of  the  dolor's,  on  the  former  oi  whicb 
I  make  no  comment. 
Saeiton^s  efti-       Mr.  Smeaton,  whom  I  hold  as  having  fuperior  claim  to  pre- 
fers than  be-     cedency  on  fubjeds  of  this  nature,  has  utterly  difapproved  of 
feguiiert.  Defagulier's  experiment  by  the  mod  powerful  convi^ion  of 

its  fallibility,  formed  by  conclafions  drawn  from  flerling  ex- 
perience in  the  accomplifliment  of  works  on  a  large  fcale;  and 
he  ftater  the  greatcft  efie^  to  be  40  feet  high  in  a  minute;  bat 
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-u  this  is  fiill  in  the  commonTy  received  opinion  as  to  tlie  weight 
of  tlie  hogfliead,  I  would  rather  tarn  to  ihofe  who  have  made 
(beir  experiments  on  a  weight  of  folid  matter^  exprefled  in 
termi  which  cannot  be  miftaken. 

I  reoiember  to  have  had  fome  converfation  on  this  fubjed  Mention  of 
many  years  ago,  with  the  lale  Samuel  More,  at  that  time  fe-  tbeKiabn^ 
cretary  to  the  Society  for  the  Encouragement  of  Arts,  &c.  ag»inft  horfet, 
when  he  (hewed  an  intlrament  conftruded  on  parpofe  to  de-  More^Efo.^^ 
termine  the  refinance  againfl  horfes  at  plough.     I  do  not  re-  an  inftnunent. 
coIleA  that  I  made  any  minutes  on  the  refuli  <>f  mir  converfa-  ^^ -^'l^^I^SL^ 
tion,  fo  can  only  fay  that  his  relation  of  the  fa£t  furprifed  me, 
ontil  I  came  to  compare  it  with  the  eflFedt  of  horfes  a^aally 
applied  to  overcome  a  load  drawn  up  a  (haft  in  a  mine;  but  I 
bad  not  the  (ame  means  of  determining  tlie  re-a6tion  that  he 
had;  however,  the  refult  of  his  experiment  may  be  feen  in  the 
TraniadUoBs  of  that  Society ;  forae  obfer  vat  ions  on  it  may  be 
feen  in  the  Sd  vol.  quarto,  of  the  Pbilofophical  Journal^  page 
]56«  only  there  feems  to  be  a  miftake  in  the  dedu^ion  in  the 
note:  it  (bould  be  26\\  10  : :  1375  :  52  -f 

I  moch  wi(h  to  have  an  experiment  like  Mr.  More's  made  Propofed  expcrU 
by  a  (ledge  drawn  forwards  and  backwards  on  a  level  road,  "^'' 
with  Mr.  More's  inflrument  placed  between  it  and  the  horfes; 
fach  an  experiment  would  be  very  pra6licable,  and  the  fmall 
deviation  from  the  (rue  level  of  a  road  would  be  compenfated 
by  aUernalely  going  (ird  one  way  and  then  the  other. 

It  is  true  that  we  are  become  pretty  well  acquainted  with  Uncertainty  of 
what  may  be  done  by  horfes  in  grinding  malt,  pumping  liquor  ^^  »««•<*"«  of 
and  worts  in  breweries;  but  there  are  fo  many  fortuitous  cir«  from  grinding  or 
cumflances  to  be  regarded,  even  here,  that  nothing  decided  punipingi&c, 
can  refult  from  the  clofed  inveHigation.     For  inflance,  fome 
brewers  chufe  to  have  their  malt  ground  much  lower  than 
others;  the  pump- work  is  executed  in  fome  breweries  under 
very  different  advantages,  and  from  local  circumftances  may 
be  retarded  by  the  inertia  neceffary  to  communicate  motion 
from  the  wheel  to  the  work,  adding  Uie  different  condition  of 
valves,  buckets,  &c.     All  thefe  confiderations  demand  fome 
mtariaUe  refi  (lance  to  be  overcome  by  the  exertion  of  the  horfe, 
and  I  know  of  nothing  fo  appropriate  as  that  I  have  jud  n!en« 
lioned. 

The  power  of  a  horfe  (by  which  I  mean  the  mechanic  Difficj^y  of 
power)  is  not  eafily  afcertained.    It  has  fcarce  any  analogy  ^j*  C"4ea,  not 

Vol.  XI.-^JuNE,    1805.  H  with  work,  but  tb« 
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clafs  of  horfes     with  a  weight  defcending  through  a  given  fpaoe  or  a  quantity 
employed.         ^f  ^,^^^^  f^^y^^^^  ^  ^^^^^  height,  and  therefore  «  belter  ex- 

prefled  by  the  lerm«  efre6t,  refinance,  re*a£lion,  &c.  and 
even  then,  to  be  any  thing  like  prccife,  we  ought  to  difcrimi- 
nate  whether  brewers'  horfes^  or  higlers*  horfes,  waggon  horfes 
or  coach  horfes,  heavy  horfes  or  h'ght,  and  if  you  will  go  into 
the  country  among  the  coal-mines,  you  will  have  another  claf^ 
of  thefe  animals,  which  I  know  not  what  to  call  unlefs  it  be 
poof  horjhs,  full  worked  and  half  Harved;  in  (hort,  I  mean 
that  neither  one  or  the  other  ought  to  be  taken  into  the  account 
as  the  meaJUre  pfa  mechanic  power, 
Mr.  Morc'8  Ncverthclefs  it  feems  deiirable  to  have  foroe  popular  ex- 

edimate  of  8oIb.  predion  for  the  application  of  whatever  may  be  fubdituted  in 
^^|*j*  ^?**'^*  the  place  of  horfes,  whether  fleam,  water  or  wind;  nor  can 
three  fourths  of  there  be  any  objection  to  faying,  "  equal  to  the  work  of  i'o 
Defagulier's        many  horfes,^*  provided  we  can  attain  to  a  clear,  unequivocal 
and  foraewhat  exaft  value,  attributable  to  that  power,  and  if 
I  may  give  my  own  opinion,  I  think  Mr.  More  has  dated  the 
utmofl  effedl  to  be  80  lb.  three  miles  per  hour,  in  fuch  liorfes  as 
are  proper  for  giving  motion  to  mill-work,  and  at  fuch  fpells  as 
will  not  exhaufl  the  breath  or  flrength  of  the  animal. 
Remarks.  ^  ^^  furprifed  to  find  this  mode  of  calculation  has  obtained 

To  far  as  to  determine  the  power  engines  employed  purely  as 
pumping  engines,  as  lately  at  the  Tunnel,  the  New  Docks^ 
&c.  but  I  am  glad  it  reaches  no  further  than  the  bills  of  mor-i> 
tality,  and  I  hear  that  the  Dutch  method  of  hoiding  goods  to 
warehoufes  has  lately  been  adopted  at  fome  of  our  new  docks. 
O  tempora,  O  mores !  While  other  countries  are  availing  them-^ 
felves  of  the  application  of  the  deam  engine  in  place  of  ani« 
mal  labour^  we  arc  taking  up  the  expedients  of  thofe  who  have 
fcarce  heard  there  is  any  fuch  thing  as  a  fleam  engine,  or  who 
cannot  appreciate  ill  value  on  that  degree  of  evidence  we  have 
in  our  own  country* 
Whether  the  ^*  ™*y  ^  objefted  to  by  fome  to  alter  the  prefent  data, 

horfe  power  or    however  erroneous,  as  we  fliall  be  obliged  to  require  20  horfe 
n^'^it^^u^t  "^^  engines  inflead  of  10  (for  it  appears  the  eflimate  is  nearly,  if 
furely  to  be  free  not  quite  cent,  per  cent,  more  than  it  diould  be) ;  but  even  that 
from  ambiguity.  ^^^  f^^^k^  no  diff*erence  in  any  refped  than  as  making  a  rent 
in  an  egregious  error;  the  cod  of  an  engine  cannot  be  altered 
by  it,  Dor  the  confumption  of  fuel,  but  a  material  convenience 
would  be  the  refult  of  fuch  a  regulation,  coniidering  the  ad. 

3  vantage 


Yantmge  of  a  coincidence  in  (bis  point  throughout  the  kingdom^ 
and  as  partaking  of  the  nature  of  a  unity  of  weights  and  mea- 
fiirei,  it  ought  to  be  paramount  to  every  fubordinate  con* 

fidenUion.* 

Your  much  obliged  obedient  fervant, 

J^  G.  HORNBLOW£R.      - 

'     '    'J      '      ''    ■-    >        ■  ■    I!       'iiin      I     ff   fi    I   J  II 

Litter  from  Mr,  A.  F;  THOiLDtH,  communicating  ikrie  ma- 
nujcript  Tablet  from  Mr.  Eook^  of  Berlin,  qf  the  geocentric 
Places  of  the  new  Planets  Ceres^  PaKas^  wni  ifmio,  fbr  twdcc 
Months  to  come. 

To  Mr.  NICHOLSON. 
SIR, 

1  H£  three  planets,  orafleroidi  (according  to  Dr.  Her(chel}»^^ol>tahiea 
htely  difcovered,  being  fo  very  fmall,  are  not  eafily  found,  of^  places  of 
unlets  the  oblerver  \%  acquainted  with  the'  plade  wHcr^  he  is  the  n«w  plaacct* 
to  look  for  them.    This  uncertainty  induced  (bme  aflrpnoroical 
gentlemen  to  deiire  me  to  inquire/  rf  there  Were  tiot  any 
ephemeris  of  their  motions  publidted  abroad^     I  complied  with 
their  requeft,  and  Mf.  Bode  has  very  obligingly  communi- 
cat€x)  to  roe  the  fallowing  Written  account  6f  th^ir  ri^fpe^ive 
Htuations,  calculated  for  the  Obfervatory  at  Berlin,  (that  of 
Juno,  according  to  a  table  of  his  oWh  calculation)!     If'  y6u 
think  this  communication  may  be  intereAing  to  the  astrono- 
mical readers  of  your  Philofophical  Journal,  I  beg  you  will 

make  ufe  of  \i, 

I  am,  Sir, 

Your  rooft  obedient  huinble  fervaht, 

10,  St.  Alban's  Street,  A.  F.  THOELOEN. 

May  13,   1803. 

P.  S.  A  new  edition  of  Mr.  Bode*s  fraall  Celeftial  Atlai 
has  jufl  been  pubU(hed ;  with  a  Catalogue  of  ^500  Starsj  after 
Piazzt's  obfervations.     This  laft  work  can  be  had  feparaie. 

Any  gentfeman  who  may  be  defirous  of  one  or  both  thefe 
works  will  be  fupplied  in  a  reafonable  time  after  fending  an 
order  to  roe. 

*  For  a  very  clear  and  rational  report  of  a  fteam-engine  in  horfe- 
ttmm,  Ifc  our  Journali  IX.  p.  215.— W.  N. 
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Letter 


caitlHDOH    POl-»D 

vm. 

Ltnerjron  Ffafipr  Piiti,  hptai 

ttepuklic.  tu  J.  C.  DlLAMEnitl 

1  HE  intcfefl  j'ou  lake  in  publifhmg  difcu. 
MtWjr  in  your  cxcellcnl  Journul,  induLCt  me 
Ujroft  X  mi n«ra logical  rariiy  lately  rounil  on  a 
IiaJian  republic:   it  ii  a  very  liite  cormdon. 


un, 


«f  Minn  to  the  tlnlian 

s,  on  Cuiindaa  found  ia 


i(^  in  iiftlural  fiautiful  ni 
communicalc 
jiinlain  of  the 
r  adamkntine 


iBl). 


fpar,  of  a  deep  riihy  colour.  I  Uw  it  Tuf  tliclirll  (iraesniDng 
BJnerali  whjcli  Ihti  learneil  Brnclii,  prolelTor  of  naiunil 
htflorr  Bt  Brercia,  liad  mailt-  a  rhorl  time  before  m  the  dcpari- 
■neat  of  S.-io.  At  (he  lirft  view  he  conlidered  it  bj  a  feld. 
'fyu,  of  which  it  ha^(  afl  Hie  ajipearance ;  and,  in  fafli  the 
Coiindon  being  a  Tublianoe  wliiLh  hilhoilo  ha<  unly  been  fur- 
'Ililhcd  hy  counliiei  far  drllant  fniin  u;.  it  would  have  been 
imprudent  to  liave  judged  olherwlli;  at  tiill :  bill  the  colour  of 
fione.  exa^ly  rereniblini;  thai  of  a  red  cerindon  which  I 
brought  from  PacU,  given  la  nie  3«  coming  from  Mndra;; 
linl  me  to  ruppofe  that  it  did  nut  diJiLT  from  it. 

But  as  ProfefTur  Br^chi  purpofed  meeting  me  in  a  (hritt 
'  inDPat  Milan,  to  which  place  I  «a(  going,  we  poflpoucd  the 
''VrKGnlion  of  thit  fufpition.     Whpn  he  faw  the  red  corindon 
'  froia  Madrat,  in  my  polTellion,   ht;  no  longer  doubted  the 
idcntil)  of  its  fpeciei  wiih  that  of  our  fampk-.     1  afterwards 
'  ditcOTcrcd  (he  fame  identity  in  the  trial)  la  which  I  lubmittcd 
t :  the  fullawing  are  the  refulls : 
ift.  The  cnrindon  of  Italy  fcrafchei  the  hardeft  rock-nyflal.  Eiaminjiion. 
1  ad.  It  doet  not  meli  bi  ti^ire  the  blow-pipe,  either  alone  or  with  '■  f  y'T.^' 
Ihe  addition  o(  borax.     3.  Its  tosture  i>  in  lamirsp,  which  fot- j".  LJ^IrnJ^;. 
loo  diflerent  dire^iuni.     -Kb.  Its  lilTure  ii  tripk,  and  wheni""-    f-  FilTuic 
it  tot  in  the  thrt™  direciions,  it  offers  a  rhomboid,  the  acute  V  RjAeainn  of 
sofle  of  which  ii  fil}^.     Sth.   It;  croft  frafture  fliews  ibe light.    6.  Sp, 
fploidor  of  Ihe  diamond,  and  rcflefis  the  hghf,  the  flaihe*  of^'*^"''' 
which  arc  almiid  the  colour  of  filver,     tSih.  li«  Ipecific  gravity 
U  3.^7,  which  \i  the  mean  of  that  »f  Uie  true  cormdon.  ■ 

Hitherio  it  has  been  mut  with  in  a  mountain  of  micaceou*  Is  Tmind  on  ■ 
fditlltii,  in  pieccj  of  I'cvcral  inches  in  length,  which  are  amor- '  ~" 


cKteus  (cbiftuii 
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pbous  and  opake^   but  fern Utranfpa rent  on  the  thin  edges* 
ProfeHbr  Brochi  and  I  purpo(e  making  new  refearches  there« 
which  may  lead  to  fonie  more  iutereding  difcovery. 
CooBtrles  where      In  the  mean  time  it  will  no  longer  be  doubted,  that  the 
f^'lSdr**"         corindon  is  a  product  of  Europe.     M.  de  Bournon,    with 
whofe  memoir  on  corindon,  inferted  in  the  Journal  des  Minef^ 
Vol.  XIV*  you  are  well  acquaintedy  has  noticed  the  different 
countries  which  furnifh  this  fubflance;  they  are  the  iiland  of 
Ceylon,  the  peninfula  of  India,  and  in  particular  Madras^ 
the  Camatic,  and  China.    He  concludes  his  interefting  de- 
tf^ils  by  enquiring  whether  this  fubdance  exifls  in  other  coun- 
tries, except  thofe  acknowledged  to  be  the  chief,  if  not  the 
The  ffecimeas    exclufive  iituations  of  this  fpecics.     This  queiiion  arifes  from 
ftonna[uedco-  feveral  ftones  found  in  Europe  having  been  given  as  corin- 
liBdoB  4o  not      dons«     In  fa6t,  thofe  colledled  in  Germany  were  found  to  be 
belong  to  that     fomctimes  feldfpars,  and  fometimes  the  fiharlartigcr^beryU  of 
Werner,   your  leucolile.     That  mentioned  in   the  Mufeum 
Brittanicum  as  coming  from  Tyrie,  on  the  eadern  coaft  of 
Scotland,  was  far  firom  having  the  hardnefs  belonging  to  this 
fpecies;  that  from  Chefnut-hill  near  Philadelphia,  announced 
by  Mr.  Smith,  was  difcovered  by  Mr.  Richard  Phillips  to  be 
^  fragment  of  badly  cryfiallized  quartz.     It  only  remained  to 
decide  on  the  feldfpar  found  by  Bournon  in  France,  in  the 
province  of  Fores,  the  defcription  of  which  he  fent  to  yovt  in 
a  letter  inferted  in  the  Journal  de  Phyiique  for  June  I789| 
and  which  he  iiill  coniiders  as  a  true  corindon. 

This  fubftance  appears  to  be  the  fame  as  that  you  have 
called  andaloufite,  and  which  fome  dealers  in  natural  hiflory 
have  circulated  in  commerce  by  the  name  of  adamantine  fpar, 
from  the  kingdom  of  Catlile :  it  has  been  placed  by  Abb^ 
Hauy  in  the  appendix,  which  contains  thole  fubdances,  the 
nature  of  which  did  not  appear  to  be  fufficiently  known  to 
permit  him  to  affign  them  a  place  in  his  method.  He  calls  it 
apyrous  feldfpar.  Thus  we  may  be  fatisfied  that  hitherto 
there  is  no  certainty  of  corindon  having  been  found  in  Europe. 
I  flatter  myfelf  that  now  there  will  be  no  doubt  on  the  corin^ 
don  of  Italy  which  I  have  the  honour  to  announce;  it  is  not 
even  deficient  in  the  fpeciiic  gravity  belonging  to  this  fub- 
(lance;  a  defed  which  induced  ProielFor  Hauy  not  to  ac!> 
jinow ledge  the  feldfpar  of  Forez  to  be  a  corindon^ 

If 
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If  robies  and  foppbires  be  clafTed  with  corindon,  as  many  PrcMOUr  thii  > 
fluneralogifti  feem  difpoied  to  doi  Europe  will  probably  bave'f^^||^^"^^^^^ 
nines  of  thefe  precious  ftones  as  it  already  has  mines  of  erne*  $emi« 
TiMs,  fuch  as  thofe  of  Limoges*  difcovered  by  the  learned 
Ldievre,  coonfellor  of  the  mines.    Bat  tbefe  (lones  wilt  be  • 
mbics,  Cspphires,  and  emeralds  of  mineralogies,  but  not  of 
the  jewellers,   until  they  (hall  be  found  very  tranfparentp 
fffaicb  I  hope  will  be  the  fruit  of  new  refearches,  followed 
with  perieverance* 

HERMENEGILDE  PINL 


IX. 

On  dijbhfing  the  Procefi  qf  Manufa&ories.     In  a  Letter  from 

Mr»  John  Clennell. 

To  Mr.  PJICHOLSON. 
My  Dear  Sir,  Newcafile,  Feb.  17,  1805. 

1  ERMIT  me  to  intreat  (he  attention  of  fome  of  your  nu-  Intercftiqg  quei^ 
inerous  correfpondents  towards  a  queflioo  which  mud  cer-  [hTdU'ctef"*©^ 
tainly  be  interefting  to  every  manufadurer,  but  of  which  no  minufiCtunng 
regular  difcuffion  has  yet  been  offered— Is  ii  proper  oft  inh-  P'^^*^'**, 
proper  to  lay  before  the  public  in  refpe£kable  periodical  works, 
a  full  and  impartial  (latement  of  the  various  proceffes  of  our 
manafisdories  >     I   fhall   (late  fuch  reafons  as  have  offered 
themfelves  to  me  why  they  (hould  be  difplayed»  but  I  am 
principally  anxious  to  receive  further  informatiun  on  a  fubjedl 
that  appears  to  me  peculiarly  intere(iing. 

The  fird  argument  I  (liall  adduce  is  that  of  Mr.  Boyle,  at 
quoted  by  Dr.  Johnfon  in  the  201(1  number  of  the  Rambler. 
*'  The  excellency  of  roanufadures,  and  the  facility  of  .labour,  Argmaeotof 
would  be  much  promoted,  if  the  various  expedients  and  con-  ^  * 
trivances  which  lie  concealed  in  private  hands,  were,  by 
reciprocal  communications,  made  generally  known ;  for  the^e 
are  few  operations  that  are  not  performed  by  one  or  another 
with  fome  peculiar  advantages,  which,  though  Jingty  of  littl« 
importance,  would,  by  ccnjundion  and  concurrence,  open  new 
inlets  to  J^poiffledge,  and  give  new  powers  to  diligence.'' 

The 
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cuiwfltinrf  kj  »••     The  fecond  ia  (b^  very  conliderable  inprovements  that  have 
poitDct.  taken  place  in  thofe  few  manufa^oriet  which  have  yet  been, 

under  the  influence  of  chemical  enquiry ;  Ihui  realissing,  bat 
Qn  a  very  extfnfive  fcale^  the  fuggedions  of  Mr.  Boyle :  fo  fiia 
therefore  as  we  ar^  to  b^  guided  on  the  one  band  by  experience^ 
and  on  the  other  by  the  influence  of  icientific  enquiry  on 
Uberal  difplay,  will  the  argument  be  in  our  favour* 
Accidental  difco-  Xu  the  third  place  I  would  obfervct  that  as  many  very  via* 
i["?f  fcl?"**^  luable  difcoveries  are  owing  to  accidentj^  ihofo  with  whom  theyt 
happen  are  frequently  perhaps  incapable  of  improving  them 
to  the  extent  Ihey  would  admit  of  in  the  bands  of  men  of 
fctence,  and  thus,  by  a  fpirit  el'  monopoly,  preclode  ewm 
themfclves  from  (he  advantageous  cultivation  of  fuch  difco- 
veries, merely  left  others  might  enjoy  it  alfo.  If,  again,  we 
^nijcicr  the  rapid  progrcfs  (hat  has  been  made  of  late  year^ 
in  every  department  of  ufeful  and  pradlical  knowledge,  we 
roufl  attribute  it  entirely  (o  (hofe  liberal  communica(ions  (hat 
have  been  made  by  oien  whofc  attention  has  been  immediately 
directed  to  the  promo(ion  and  improvement  of  every  thing 
Science  would  valuable  to  the  public,  i^gain,  (iie  profits  of  every  buirnefs 
be  thus  intro-  Jepcnd  on  the  regularity  and  knowledge  with  which  it  ia 
aioM>  &c.  *  conducted ;  but  huw  is  the  lad  to  be  enjoyed  without  r&r 
fources  to  apply  to,  and  how  much  more  eaiily  would  it  bo 
obtained  if  fcience  could  regulate  and  fimplify  the  combina* 
tionsiuf  the  manufacturer  ?  IF  to  accomplifh  by  every  thing 
employed  (and  even  in  many  cafes  tlie  refufe)  in  each  procefs 
its  utmoft  poflible  ufe,  is  a  favourite  principle  with  mano&c* 
turers ;  to  take  the  rood  accurate  and  beA  adapted  means  to 
eifedl  it,  ought  certainly  to  be  as  powerful  with  them,  is  it 
not  alfo  obvious,  that,  to  difcard  all  myflery  and  quackery^ 
and  fairly  to  difclofe  each  procefs,  is  to  invite  the  attention 
of  men  of  fcience  and  refearch  to  extend  any  advantages 
gained  by  chance  or  otherwife,  and  to  difcover  greater  utility 
in  the  various  fubdances  employed.  The  origin,  progrefs; 
prefent  date,  and  hints  for  the  improvement  of  the  "  arts  of 
^fe,'*  would  certainly  be  worthy  the  contemplation  of  our  firft 
cheroifls,  and  are  fubje£ls  that  have  appeared  of  fuch  impor* 
tsnce  to  a  neighbouring  nation,  that  many  of  their  moft  emi- 
nent men  have  been  employed  in  them ;  and  fome  volumes 
of  the  Encjfcloptdie  Mcthodique  are  dedicated  to  fuch  infiurma- 
tion,  with  plates  too«  in  feveral  inflances  difplaying  even  tbc 
mofi  minute  work- tools  employed  in  each. 

The 


f 


ruKi/tcjTioM  or  co 

TlMbUiorjraqtl'JclqiloFm&nurs^iicKwniluftediiiciKi) place  I'onie  ntjcaion* 
oaghl,  I  prcrume,  lotbrcnaprtiicipalobjeftwith  tlie  wiiieraof  *""'■ 
Iocs]  LWiono ;  ^et  vcr^  few  uf  ittufe  genlkmen  aie  enablcil  lo 
cfetsio  Igctiaci-DunU  as  ihey  can  depend  on,  fron  tlie  (elfifh 
■■4  BkonopolJxing  jeuloufy  uf  inanufaflurers  in  f^encral.  To 
thde  v^riout  advantages  an  gbjcction  may  be  otrrred,  "  Tliat 
<ii(p\ay  i*  placing  objeds  ortaxalJun  in  llic  hand;  ut  DiiiiiHefs : 
b«  U  li>;  difpUy  uitl  make  it  calier  lo  collect  [he  Ihk,  will 
lake  it  mitte  ccriain,  and  it  may  be,  Irfi  opprffire :  il  in 
lM«  be  ftddul  the  above  advaniag^s  il  may  fairly  bi;  pie- 
fanedi  ifial  difcovLTjr  atid  ronfecjucni  impiovemenl  ii  ihe 
■■B  advaniageoiK  irfK'k  lo  be  puKaed  ;  liul,  my  d<far  Sir,  I 
heg  jtMT  pardon,  on  Ihii  fubjeCt  I  did  not  mean  to  olTer  my 
<Nni  opinion  (o  much  as  lo  lulicil  infuiraaiion  from  thai  of 

I  am  Iruly  joui's, 

JOHX   CLENKtXL. 

How  far  liltrary  purfaits  are  compatible  wilb  tlie  dutirc  ofLitenrypurfuita 
At COBdtcicial  man,  or  the  manufaflurer,  fecms  a  qoeftion*"."Vl*"*'= 

t  i,l;ij-.  ,r  -■re  I  i-*"*  ""  *"''" 

ID  completely  decided  in  the  affirmalive,  in  liic  (irli  volume  olof  uietthuLhMd 
Ihe  Mancheftcr  Memoirs,  by  Mr.  Henry  ;  in  ihc  lecond  voJoiiie  manufaaurcii. 
u(  the  tame  work,  by  Dr.  Bacnci ;  luid  in  the  huiidredili  uum- 
bc(  uf  th«  Lounger, — thai  the  above  paper  atrumet  ilie  prm- 
U  being  fii!ly  eflablifhed.     ,  J.  C. 


Sittfion  Tt^caitg  the  I'lirificatian  of  Coppa:     By  J.  P.      iVith 
a  coucijl-  Iteply.     W,  N. 

As  copper  in  its  puieft  ftatr  (efpecially  out  of  London)  for  Qiicflion  re- 
UUbAuring  different  anicles,  cannot  be  obtained  without  '^P'^'l'S  '*>=  F"- 
very  tedious  proceft ;  as  it  forms  the  principal  ingredient  in  _,, 
toon  for  reflefiing  tclcfcopes,  and  likeiAifc  ii  much  uTed 
i  u  alloy  for  gold  ;  if  it  is  impure,  it  never  frills  to  render 
«  goU  to  alloyed  brillle,  and  nut  to  be  rcdored  lo  its  due- 
I  tiUly  until  the  impure  alloy  be  waited  by  fubfetjuenE  meltings, 
I  loihe  lof)  and  dJappoinlment  of  Ibc  workman.     Required. 
liitrefore, 


108  CONNECTIKC  AND  COATIKG  6t   IKON  BARS* 

therefore,  a  method  of  purifying  the  copper,  parliculgrly  for 
the  lattier  porpofe  ? 

Yonr's  refpe^ullj, 
Morley  Street,  J.  ?•  Jun. 

yewcaftle'Uptm'Tyne. 

Keplj*  As  the  procelTes  for  refiuing  copper  in  Che  large  way  are 

grounded  upon  its  property  of  re(i(ling  oxidation  more  Ihaq. 
the  other  metals  which  are  ufuaily  combined  with  it,  it  may 
be  advifeable  to  adopt  tlie  procefs  of  Pelletier^  with  a  duo 
attention  to  the  manipulation  and  the  pioportioo  of  manga* 
nefe  to  be  made  ufe  of.  The  very  interefling  letter  of  Mr. 
Thomfon  in  the  prefent  Number,  will  indicate  the  principles, 
of  operation.  Mr.  Hatchett's  excellent  papers  in  the  pbilo* 
fophical  Tranfadions,  of  whicli  a  corred  abridgement  is  given 
in  our  V.  and  VL  Volumes,  fliew  the  mifchievous  confequences 
of  impurity  in  the  copper  for  alloying  the  precious  metals ; 
and  it  is  but  too  well  known,  that  it  is  difficult  to  be  pro- 
cured, or  even  to  be  made  pure,  upon  a  fcale  of  exteafivo 
magnUude. 

W.N. 


xr. 

Defcription  qf  a  Meiliod  qf  conne^ing  Iron  Bars,  and  chafing 
them  with  Lead,  fo  as  to  fonn  jblid  Pillars  for  Ligk-houjes 
on  UtKks  covered  at  High-water,  and  to  drfend  than  from 
Corrofion,    By  Copt,  Jo s ki> h  hsiODis,,qfthc  Royal Naicy* 

Dfcfcription  of     x  IG*  1,  Plate  V,  A  (hews  four  rods  of  cafi  iron,  compofed 

wati™^ron^      of  a  number  of  pieces  two  feet  long,  rivetted  together,  in  a 

ban !  by  icfer-   manner  explained  by  the  plate,  fo  as  to  produce  the  effe€t  of 

toce  to  tbc        ^ne  bar  ^f  t|,e  thickncfs  of  the  whole.     B.  A  tube  of  caft  iron» 

formed  from  a  number  of  feparate  pieces,  each  about  ten 

inches  long,  and  which,  when  placed  round  the, iron  rods 

above-mentioned,  and  then  fcrewcd  together,  form  a  mould, 

into  which  the  melted  lead  is  to  be  poured,  fo  coat  the  iron 

♦  Communicated  to  the  Society  of  Arts  (MemoirS|  MDCCCiv. 
258.)  who  voted  him  the  gold  medal. 

rods. 
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tods.  C.  A  portion  of  Che  rods  covered  with  the  melted  lead^ 
lb  as  to  form  a  cjriindrical  pHlar  apparently  of  Iead«  the  iron 
bdng  perfe6Uy  coated  therewith. 

Rgn  Qm  D  fliews  the  manner  in  which  the  holtow  cylinder  it 

ftnned  to  any  length  required,  by  the  jun6tion  of  a  number  of 

femi-cyltodere  rivetted  together  and  fitting  each  other.     £, 

Ae  fide  flanges  fcrewed  clofe  together.     F,  the  end  flanges 

dKb  fcrewed  together/  as  prepared  for  the  melted  lead. 

After  a  certain  portion  of  the  iron  rods  are  coated  with  lead, 

the  lowec  parts  of  the  tube  are  taken  off  and  placed  higlier  up; 

by  which  repeated  clianges,  a  few  tubes  will  aofwer  the  pur- 

pofe  to  coat  any  length  of  the  iron  rods. 


xn. 

Bqffjf  to  Mr,  Accvu^s  laft  Letter  on  the  ProduQion  of  Nitrous 

Acid.    By  W.F.S* 

To  Mr.  NICHOLSON. 
SIR. 

X  THINK  Mr.  Accum  by  no  means  throws  cff  tba  charge  Rentrlu  m 
of  cenfure  with  which  he  is  accufed,  upon  fo  material  a  part  ^^^***"''* 
of  the  modem  theory.     He  ought  to  have  been  more  explicit, 
and  in  fo  nice  and  fo  difputed  an  experiment,  to  have  given 
as  a  minate  detail. 

I  have  performed  the  experiment  which  he  fpeaks  of,  but  Uofuoceisfnl  at- 
I  coald  detea  no  nitrous  acid  after  the  procefs.     The  air  gra-  ^^  ^^  rrpe-t 

I   A  •     r      I     V         1  ^"*  experiment 

doally  diminiuies  by  the  electric  fparki  but  this  diminution  is  of  formins  ni- 

owing  to  the  oxig^n  gas  producing  a  calcination  of  the  metals  ^'^^  ^^ 

employed^  for  the  pureft  oxigen  gas  anfwers  better  than  when 

SDued  with  nitrc^en.    Therefore  I  hope,  if  Mr.  Accum  pof- 

lefles  a  more  accurate  experiment,  he  will  give  it  through 

yoor  Joornal :  certainly  the  prefent  flate  of  modern  chemi/iry 

requires  a  very  minute  inveftigation.     I  hope«  Mr.  Nicliolfoo. 

you  will  not  refufe  inferting  this  in  your  Journal. 

London,  May  2. 


«  S«e  our  Vol,  X«  p.  109  and  214. 

Experiments 


^^  Mft.  vriLSoir  Off  fecsdtaiciTY. 

T 
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Sii^i''fff^s  on  the  ElcSiicUy  of  MetaUie  Filings  fified  thrmtjk 
XliiM ;  uith  Remarks  in  anfwcr  to  a  Letter  qf  Mr,  GUtkberU 
jjth    Bjf  Mr,  Wm.  Wilson.     (From  the  Author,} 

To  Mr.  NICHOLSON*  ,! 

SIR. 

An  nn>r  pointed -"-N  the  laft  number  of  your  Phnofophical  Journal,  I  find  k 

out  by  Mr.        leUer  from  Mr.  Culhberlfon,  containing  forae  remarks  on  dj 

nictrd*  letter  on  the  eledlricil}'  of  metals,  in  which  he  notices  an  mtk 

in  the  table  of  refults  of  experiments,  that  had  efesped  waf 

notice  till  I  read  his  leiler.     In  that  table  I  have  by  roifiakfl 

put  P  again  ft  copper  filing;?  filled  through  zinc  inflcad  of  N. 

Copper  filings   when   filled  through   zinc  are  eleflrifiol 
flrongly  with  negative  elednoity. 
Mr.  C.*9  objec'      Mr.  C.  in  his  other  remarks  does  not  feem  to  admit  that  the 

d!a»n*f  elTc-  ^^^par^^Jng  l^^«  metals  frorh  contad  is  the  canfc  of  the  elearical 
cricicy  by  mere  fluid  being  excited  and  not  touching,  becaufe  both-  loitchtng 
reparation  of  ^^j  feparating  are  employed.  In  the  way  the  experiroenfe 
dered.  were  made  touching  takes  place  two  ways,  viz.  the  fifings 

The  metaUjc  come  in  conta£t  with  the  metal  plate  they  are  Cfied  into,  arid 
fievf,  z^tfetara-  ^^^J  ^^^ »"  conla6l  with  the  fieve  before  they  are  lifted  througn 
tid,  2nd  taucb  Jt .  but  1  Cannot  conceive  how  either  of  thefe  conta6ls  could 
meta"***'"^      caufe  the  excitation  of  the  eleclricity  in  the  experiments.    IT 

As  the  eL  the  conta6l  of  the  filings  with  the  plate  they  were  fifted  into 

^«ies  with  fhc  ^^^  ji^^  ^jjyp  ^g  ^  Ij  jj^^,^  ^^  jl^g  j-g^mg  ^^^^  ^jjj,  ^(^ 
ficvc  It  doci  not 

depend  on  the  fame  filings,  whatever  metal  the  (ieve  was  made  of  they  were 

Utter  an*eSlt  fifted  through ;  becaufe  as  they  were  always  fifted  into  the 
fame  plate,  the  fame  metal  filings  always  came  in  conta6t  ^ith 
the  fame  metal  plate,  and  confeuuently  we  ftiould  have  bad 
the  fame  effects  in  all  cafes  with  the  fame  filings;  whereas  ou£ 

—and  in  the       of  the  ten  forts  of  filings  that  were  ufed  there  was  only  one 

frftcontoa  there  .j^^^jj  ^j^^^  produced  the  fame  efTca  with  the  different  fieves  j 
js  no  infuiatjon,  »  '  r  /.  •  t 

and  if  the  contact  of  the  filings  with  the  fieve  excited  any  elec^ 

trie  fluid,  it  would  be  diffipated  as  fall  as  excited,  becaufe 

— crnifeqaeotly  neither  the  {leve  nor  the  filings  were  infulated  ;  confcquently 

It  depends  on      it  could  have  no  efl^efl  on  the  refults  of  the  experiments.— 

jefmr     n.     Therefore  fince  neither  of  thefe  contacts  cxcifed  the  fluid,  it 

mud  havej>een  excited  by  the  feparation. 

I  think 


lift.  #xLloir  otr  ctgctRfcttV.  !||4 

t  think  the  following  experimenis  will  put  this  beyond  a 
doubt:    I*  I  faftened  a  piece  of  card  into  a  (lick  oF  glafs,  and  An  Infulated 
then  robbed  it  over  with  (Irong  gum  water  and  covered  it  with  *'"^^  o^card, 
iRkfgt  cSf  zinc;  fo'lhat  when  it  was  dry,  it  had  a  furface  of  filings  was  ufed 
filings  of  zinc.     From  a  heap  of  the  fame  fiiinj^s  I  took  up  as^  po"*"  «'nc 
nach  as  I  could  on  this  little  (hovel  without  touching  it  ^>(h  {^gjf^  p^^  ^^ 
■ay  thing  elfc)  and  let  them  fall  very  (lowly  upon  a  piece  of  copper. 
bright  (heet  copper  faftened  in  an  inclined  pofition  upon  the 
cap  of  an  ele6trometer,  and  formed  into  a  receptacle  at  its 
bwer  part  to  contain  the  filings.     In  this  operation  almoft  The  copperplate 
*rery  particle  of  filings  nece(rarily  came  in  contaa  with  ihej^"^ '*^*^^^- 
of  the  copper.     After  letting  fall  upon  the  copper  about 

onnoe  and  a  half  of  filings  there  was  not  the  lead  fenfible 

on  the  eledrometer.     2.  I  then  took  a  piece  of  the  fame  A  copper  fi^ve 
Iheet  copper,  which  was  pierced  full  of  fmall  holes,  and  f»fted  l^'^^^Jj'^y^ 
thfongh  it  the  fame  filing;;  I  had  ufed  in  the  above  experiment,  ihovtU 
upon  the  fame  copper  on  the  eledlrometer,  and  the  gold  leaves  The  copper  pUta 
diverged  with  pofuive  eledlricity  and  difcharged  themfelvea  ^^^j?^"**^ 
agiinft  the  flips  of  tin  foil  on  the  infide  of  the  glafs  ten  timet 
before  the  whole  of  the  ounce  and  half  of  filings  were  fifltecf 
kilo  it. 

Nofr»  fince  the  feparating  the  two  metals  from  confab  in  Se^athn  was 
the  fecond  of  the  above  experiments  is  the  only  difference  be*  ■^'1^.  ^?"^* 
tween  them,  and  as  the  eledric  fluid  was  excited  only  in  the  city. 
fecondy  I  think  we  may  fafely  conclude  that  that  feparation  was 
tiie  caafe  of  the  excitation,  and  not  touching. 

I  am  very  much  inclined  to  believe  that  the  excitation  thatEledlricexciea- 
takes  place  in  fridion  is  caufcd  by  the  fame  circumftance,  and  ^*^°  "  probably 
that  the  fri6lion  does  nothing  more  towards  the  excitation  than  icioa. 
bring  the  different  parts  of  the  fub(!ance  (hat  are  rubbed  to- 
gether into  contad,  and  feparate  them  from  it. 

I  am  your  obedient  humble  fervanf, 

WILLIAM  WILSON. 


RfpJy 


112  ON  LINES   IN   A  OiaCLB. 

XIV. 

Repty  to  Mr.  Bojbcll.     By  Av  Old  Corrbspondsnt. 

To  Mr.  NICHOLSON. 
SIR, 

Explanatoiy  W  HEN  I  begran  lo  read  your  correfpondenti  Mr.  Bofwell'i 
BoTwtu's^ktttt?  anfwer  to  my  obfervations  on  his  geometrical  proportions,  and 
found  myfelf  accufed  of  having  "  thrown  fome  very  undeferved 
reflections'*  on  his  communication,  I  could  not  help  feeling 
a  degree  of  appreheniion  led  I  (hould  inadvertently  have  mada 
fbme  miftake  or  other,  for  which  I  muii  have  been  obliged  t^ 
apologize  to  him  and  to  the  public;  but  on  perufing  the  lettec 
through,  I  was  not  a  little  furprifed  to  have  found  but  o/ie  re* 
ledion  pointed  out,  and  that  applying  not  to  tlie  master  ba( 
manntr  of  my  obfervations ;  it  feems  I  have  accufed  him  of 
being  too  confident  in  one  of  his  aflertions  ;  a  literary  crime*  of 
which  he  exculpates  himfelf  by  proving  from  a  quotation*  cer* 
tainly  very  much  to  the  purpofe  if  we  make  no  difiindiion  be* 
tween  doubt  and  diffidence,  that  he  is,  on  the  contrary,  a  very 
diffident  writer,  which  quotation,  to  be  fure.  contrafled  witb 
an  expreOion  that  fell  from  my  pen,  might  beconclufive,  if  tho 
two  palCiges  were  applicable  to  the  Jbme  thing ;  but  unfortu- 
nately it  turns  out,  on  dofer  examination,  that  the.  accufaiioo 
applies  exclufiuely  to  Mr,  £'s  ftcond  propofitioni  and  hit  ex« 
culpatory  quotation  exclufivdif  to  his^Sr/l. 

Had  I  committed  myfelf  fo  far  as  to  fay  that  he  announced 
his  fird  propofition  with  confidence,  I  mufl  have  Hood  clearly 
convicted  of  having  done  him  injuftice ;  but  as  it  was  hia  fe* 
cond  propofition,  or,  in  other  words,  his  other  fad  in  geometry^ 
to  which  my  objedlionable  obfervations  J'olely  applied,  he 
ought  to  have  quoted  what  he  has  faid  about  it,  and  about  ft 
onfyf  as  evidence  againft  me ;  he  has,  however,  directed  hit 
arrow  at  a  wrong  mark,  on  which  account  I  claim  the  reader's 
indulgence  to  repeat  the  paflage  alluded  to,  which  is  the  onfy 
paifage  in  Mr.  B's  paper  that  relates  to  his  fecond  propofition : 
•'  The  difcovery  of  a  fa6l  in  geometry  often  leads  to  another; 
one  of  this  kind  /  have  here  to  add,  which  is,  that  a  right  line 
(BE)  drawn  from  the  extremity  B  of  the  line  I  B,  at  right 
angles  through  the  oppolite  diameter  (I  FJ  to  the  circumfer- 
ence* 
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cnce,  xvUlbe  equal  to  a  fourth  of  the  circumference.'*    In  this  Explanatory 

iiinunciatjon«  which  is  an  appendage  to  the  main  fubjed  or  firft  ^|SU^»g*|jJgJ[* 

proposition,  and  evidently  not  included  in  the  prefatory  apo- 

kgfp  I  fee  nothing  like  a  fnfpicion  of  inaccuracy  esprefled; 

or  even  fainted  at,  and  confeqaently  can  trace  no  mark  of  <2(|E* 

kmeCf  now  that  I  come  to  examine  it  again ;  on  the  c«n4rary, 

I  repeat,  that  a  fad  is  confidently  affcrted  to  exift,  which  has 

been  proved  not  to  be  a  fa6t,    both  by  royfelf  and  by  Mr* 

Gottgli,  to  whofe  teflimony  probably  the  reader  will  f>ay  fome 

Jefeteace,  particularly  as  this  gentleman  has  ingenioufly  fliown     - 

iMt  wudher  line  in  the  circle  poflefTes  the  identical  property 

emncoally  attributed  to  the  line  B  E,  and  that  previouHy  to 

Mir.  B.'s  complaint  being  made  public:  to  the  reader,  tbere-^ 

Jofe,  the  talfeneis  or  juilice  of  my  obfervation  or  **  refleAion'' 

amft  be  referred;  and  it  wiU  anfwer  the  parpofe  of  both  Mr. 

B.  and  myfelf,  if  he  will  let  the  affair  drop  here ;  for  he  will 

Iben  (land  a  good  chance  of  being  reputed  what  is  his  princi* 

pal  aim,  a  diffident  writer,  and  I  (hall  ceafe  to  be,  what  tomi^ 

of  your  readers,  befides  Mr.  B.  may  poffibly  be  diipofed  to^ 

think  me,  a  caviller. 

I  am.  Sir,  once  more. 

An  old  correspondent. 
Jfajr  17,  1805. 

P.  S.  The  mathematical  portion  of  yonr  readers  need  not 
be  informed,  that  the  Jbrs^etfuhieji  imputed  to  me,  refpeding 
the  aflumed  approximation  fubdituted  for  the  exa&  ratio  of  the 
^ameter  to  the  drcumference  of  a  circle,  is  a  charge  applying 
with  equal  propriety  to  e^'ery  mathematician  who  has  deduced 
cafcalations  depending  on  the  area  oi  a  circle?  even  Mr. 
^^ogb,  whofe  mathematical  (kill  is  juftly  the  admhration  of 
thevfand^i  whom  he  has  never  fcen,  and  is  doomed  never  to 
fee,  has  fomehow  been  obliged  to  be  guilty  of  the  fame  want 
of  reeolledion,  though  his  calculatitms  may  be  confidered  as 
tberefult  of  demonftrative  truth. 

It  remains  now  for  Mr.  Bofwell  to  fhow  the  fcientific  world, 
bg^an  example  or  two,  how  he  applies  his  difcovery  to  prac* 
tical  meafurements,  which  it  is  prefumed,  will  prove  a  com* 
OHinication  of  general  intereft. 


Vol.  XI.— JoNt,   1905.  I  Dejbription 
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Dtfcripiiofi  <^  an  accuraU  Methud  qf  banking  the  Balance  qfr- 
.a  TimC'-keeperm    By  Mr.  William   Hakdy.      ExiraBtd\ 
,fromSi4  Letter  to  Chas.  Taylor^  Efq.  Sec.  to  ike  Society* 
qfArU* 

SIR, 

Impdrtinceof      X  HIS  letter  is  accompanied  with  a  drawing,  a  defcription/ 

^  ^^^ufdTto  ^^  ^  model,  of  a  more  perfcft  mode  of  banking  the  balance' 

prevent  extreme  of  a  time-keeper,  'than  anj  that  has  ye(  appeared;  and  its  ap-' 

▼ibrations  in       plication  to  a  time-keeper  is  a  matter  of  fuch  real  importance. 

that  the  mofi  accurate,  without  this  moft  neceffary  appendage* 

is  liable  to  fuch  derangement,  that  from  the  mod  trivia!  caufe 

it  is  in  one  moment  rendered  ufelefs. 

The  authors  in-  *  To  preferve  the  good  qualities  of  the  time-keeper,    on 

vention  U  con-    ^f)i(4i  often  the  flrength,  the  wealth,  the  grandeur,  and  fafety' 

nrmrdbylong        >.    ,  .  .        ,  ■     »    ■  ..  «.         .  .     • 

trial,  OT  this  great -empire  depend,  I  deem  rt  neceifary  that  my  in- 

vention ihould  be  laid  before  the  Society  of  Arts,  as  the  means' 
of  its  being  more  generally  known;  and  I  hope  that  I  (hew 
proper  refpeft'  to  the  Society,-  when  I  afTure  you  that  I  do  not 
ofFur  any  crude  idea,  neither  could  I  think  of  giving  you  any 
trouble,  until  1  had  fully  verified  the  utility  of  my  contrivance 

ajM!  teftifflony.  by  feveral  years  trial.  As  I  can  produce  the  tefiimony  of 
fome  of  the  mofl  eminent  watchmakers  in  favour  of  my  inven-. 
tion,  I  look  forward  with  fome  degree  of  confidence,  in  ex*, 
pedation  of  obtaining  the  approbation  of  the  Society. 

The  banking  is       It  was  at  firfl  imagined,  that  a  banking  to  a  watch  with  a 

required  iii         ^^^  efcapement  was  quite  unneceflary,  as  the  limits  of  bank. 

have  a  vibration  ing- were  fo  great  as  to  admit  of  almofi  twice  360,  or  720  de- . 

throuuh  very  gtees  ;  but,  on  trial,  the  balance  was  frequently  found  to  ex-, 
ceed  this  quantity,  and  that  a  very  flight  motion  given  to  the. 
time-keeper  (particularly  when  the  axis  of  the  balance  be-, 
came  the  axis  of  that  motion),  was  fufllicient  to  alter  the 
f^rength  and  figure  of  the  penduluro-fpring,  and  pofition  of 
the  pieces  in  refpedl  of  the  balance-wheel,  fo  as  to  change  the 
rate  of  the  timekeeper;    and,  what  was   worfe,  require  a. 

*  In  their  Memoirs  for  1804.    A  premium  of  30  guineas  was 
.iwarded  for  this  invention* 

*  new 
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ise^  adjufhnent  of  the  balance,  to  accommodate  ilfelf  td  th# 
dianges  made  in  the  Cpring,  and  other  part«  connected  with 
it.     Hence  it  became  neceflary,  that  fome  means  (hould  be 
ofed  to  (lop  the  balance  at  certain  h'mits  bejrond  its  natural 
■rcb  of  vibration ;  and  various  attempts  have  been  made  to 
tSeCt  it.     One  way  is,  by  a  moveable  piece  on  the  axis  of  P®'«^.««*J»»^ 
the  balance,  which  banks  againft  a  pin,  yet  (6  as  to  faflfcr     "****"•• 
the  balance  to  vibrate  more  than  560  degrees.     Another  me* 
thod  is  to  have  a  piece  moveable  on  a  centre  in  one  of  the 
arms  of  the  balance,  and  applying  itfelf  as  a  tangent  to  the 
pendukim«-fpring,  which  paffes  through  a  hole  in  the  piece. 
It  has  alfo  a  knee,  which  alnsod  touches  the  plate,  and  jaft 
pafies  free  of  a  pin  placed  in  it.     But  when  the  balance  vu 
brates  fo  as  to  approach  its  utmofl  limits,  the  aAion  of  the 
fpriog,  while  in  a  (late  of  unwinding,  throws  the  piece  out- 
ward, fo  as  to  fall  in  the  way  of  the  pin,  and  Aop  the  balance 
from  proceeding  farther.  Another  mode  is  by  a  ftraight  fpring, 
(brewed  upon  the  plate,  having  a  hook  at  the  end  of  it^  intor 
which  a  pin  placed  in  the  balance  ftrikes,  when,  at  before, 
the    pendulum -fpring,   in  unwinding,   touches    the   ftraight 
fpriog,  and  moves  it  a  little  outwards*    There  is  alfo  a  way 
of  banking  by  means  of  a  bolt,  which  is  thrown  back  by  the 
pendulum-fpring,  and  made  to  fall  in  the  way  of  a  pin  placed 
in  the  rim  of  the  balance.     Thefe  are  the  principal  modes  of  They  areob- 
banking  now  in  ufe,  and  they  do  not  differ  materially  from  {J^^t^l^^S  . 
one  another  in  principle.     But  the  weight  and  fridion  of  fo  tion. 
many  pieces,  on  fo  delicate  an  organ  as  that  of  a  pendulum- 
fpring,  are  perhaps  nearly  as  hurtful  to  the  time-keeper  as  the 
injury  it  may  fuftain  when  it  is  left  without  any  banking 
whatever. 

In  Figures  1  and  2,  Plate  VI.  the  fame  letters  are  placed,  Dcfcription, 
to  iignify  the  fame  things,  A  A  is  the  balance  to  which  the  ^'*^  reference 
pendulum-fpring  is  faflened  in  the  ufual  way.  In  one  of  iht 
crofles  of  the  balance  is  placed  a  pin  P,  which  Hands  a  little 
way  above  its  foxface ;  and  when  the  balance  is  caufed  to 
vibrate  a  complete  circle^  the  pin  in  its  motion  will  dcfcribe 
the  dotted  circle  POQ,  and  jufi  pafs  clear  of  the  inlide  of 
a  proje£tion  formed  on  a  cock  B,  which   i<«  fadened  on  the  .  . 

plate  by  means  of  a  fcrew.  At  about  one-fourth  of  a  turn  of 
the  pendulum-fpring,  reckoned  from  im  dud  £,  is  placed  s^ 
rery  delicate  tapering  piece  of  tieel  S,  having  a  fmall  hole  io 

12  it. 
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Ddcriptioiii       it/  through  whicb  Ibe  pendulum-fpring  pafles ;  and  itii  hC* 

toSe «^°iS^g.  ^®°^  ^  *'  ^y  "*®»"'  ®f  *  P'"'  *"^  ^*"^*  perpendicular  to 
Ibe  curv^  of  the  fpring.  Let  the  balance  be  at  reft,  as  re* 
prefented  in  fig.  I,  the  batiking-pin  at  P,  and  tbe banking- 
piece  ^  J.  Suppofe  the  balance  it  made  to  vibrate  from  P 
Ipward^  O,  when  P  arrives  at  the  banking-piece  «>  it  will 
pafs  it  without  toQching»  becaufe  its  extremity  s  lies  wkoUy 
>vithin  the  circle  traced  ou|  by  the  banking-pin.  But  wheo 
the  baking-pin  P  has  arrived  at  Q,  the  banking-piece  f  will 
bave  advanced  to  (t  by  (he  pehdulam-fpring  winding  itfeif 
up  into  the  figure  reprefented  by  the  dotted  curve ;  and  whea 
the  banking-pin  P  (now  at  Q.)  returns  back  to  P«  and  pafles 
pn  from  P  towards  Q,  to  approach  B,  and  fo  complete  tbc 
other  half-arch  of  its  vibration,  before  P  can  arrive  at  the 
bankipg-cock  Bf  the  pendulum-fpring  will  bave  unwound 
itfeif  iato  the  6gure  defcribed  by  the  dotted  curve^  and  the 
banking-ptece  s  will  have  advanced  into  the  pofiliou  at  r 
jufl  touching  the  bankiug-cock.  Its  extremity  r,  however^ 
being  thrown  beyond  the  dotted  circlet  muil  necetl^ily  fall 
in  the  way  of  the  banking-pin,  which  arrives  there  almod  at 
the  fame  moment,  and  is  oppofed  by  it,  without  the  fligUieft 
ihock  to  the  pendulum-fpring.  The  model*  renders  anv 
farther  explanation  uuivccelfary. 

WILLIAM    HARDY. 

No.  61,  ChapeUStreet,  near  WhUe- Conduit- Houfe, 

Jan.  18,  J80i. 
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Defiription  of  a  ntw  Apparatus  for  making  the  gaf^nrm  Oxide  of 
Carbon,     Comnmnicattd  by  Mr*  DsYsux.f 

The  progrefs  of  IT  is  generally  admitted,  that  chemiflry  is  indebted  to  (he 
ckemiftry  owing  I'l^ygi^^JQP  Qf  various  kinds  of  apparatus,  and  tlie  perf^^flion  to 
proved  ippari-  which  they  have  been  brought,,  for  mucli  of  tlie  progrefs  ii  has 
tus.  made  within  thefe  lad  thirty  years. 

Inftance  in  that  For  infbnce,  before  Woulfe  made  known  his  apparatus  for 
cf  Woulfe.         obtaining  the  aeriform  fluils  evolved  from  various  fubftances, 

*  "Which  is  prcfervtd  in  the  colle^ion  of  the  Society. 
t  Anoalcs  de  Chimie,  Vol.  LIIL  p.  76. 

either 
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iritlm  wben  expofed  to  (he  aflion  of  fire,  nr  when  brnaght 
mlo  coniafl  wiih  mitleis  oipable  of  corobimiig  wilh  iliem, 
Ihe  operator  nai  obliged  lo  emplojp  bulky  veflcls,  clilGcult  lo  Inmnrcnientc 
iBUwge,  and  fo  intonvetiicnlr  ihal  he  dkl  nol  wrlli  lo  opplj  "'"'"l''"'!'"'- 
tbetni  and  when  he  did,  t(  was  inipuHible  fur  hini  to  col  left 
s  Mtihrm  fluidi  with  any  accuracy;  for  when  tbey  were 
1  to  B  coofiderablc  degree,  llicy  efciped  through  aper- 
ture* left  purpofety  lo  prefetve  the  velFeli  frocu  burtling. 

Thefe  inconveoiences  ate  iigw  removed  by  Woulfc's  appa-  Concnllnl  id- 
nHv,  fo  that  Hie  operation*  in  whitli  gafcs  are  evolved  may  ™"B" o' tl*' 
.cafily  be  performed  in  velTelj  of  fmalt  bulk  ;  the  gafe;  may  be  mem  of  vciTch.' 
fttbjeAeil  lo  calculation;    Iheir  quantity  as   well  as  quality 
'•(cettained  with  llie  otmol)  preciGon ;  and  opcralioni,  which 
were  foimerly  coiilidered  as  very  hasurdoux  to  the  operator, 
twjr  now  be  continued  lor  hours  together  without  the  leat{ 
Aar  of  injury. 

Willi  Ihcfe  advantages  many  other*  are  connected  j  and  i( 
it  known  to  every  one,  that  they  are  owing  In  the  degreu  of 
pcrfefiinn  to  which  chemilli  have  brought  Woulfc's  appa- 
tirint,  and  particulaily  to  their  liappy  application  of  it  on 
ififioai  occaGons. 

Yet,  notwilhfitnding  thcfe  difcoveries  have  been  carried  a  ImpKiemfnu 
;p«al  way,  it  is  more  than  probable  that  many  remain  to  be  J^jV""""  "  ^ 

a  much  praife  therefore  cannot  be  bellowed  on  thofe 
who  turn  Iheir  attention  to  this  imporlanl  objefl,  fince  the 
apparaiufes  lliey  invent  are  fo  many  new  means  allbided  che- 
nills  of  collcfling  an  infiniie  number  of  produfls  which  fre- 
quently efcapc  them,  and  Ihe  knowledge  of  which  may  have 
great  influence  on  Ihe  improvement  of  chemical  fcience. 

D  ihefc  motives  I  have  thought  it  may  be  of  ufe  to  make  Innntlonof Mr, 
known  an  apparatu*  juit  invented  by  Mr,  Barael,  operator  ' 

lo  the  chemical  ledturei  of  the  Medical  School  at  Pari;. 

This  young  chemitl,  v«ho  had  often  noticed  the  difficuIlies/btiJteoinpoGne 
pad  even  danger*  incurred  when  it  is  neceffary  to  deiompofe  ^•'f''  ""  '™"'. 
nfesi  or  lo  combine  iham  wilh  different  fubdances,  altempled  otheH'uWlMwt. 
0  make  fome  alteration  in  tlie  procelfcx  commonly  employed 
Id  the  laboratory  for  operations  of  this  fort ;  and  after  feveral 
IHali  he  invented  an  apparatus,  which  fucceeded  beyond  hii 
►pel. 

1  have  feen  this  apparalut  employed  with  the  grcatefi  fuc-  G.fifotm  eiide 
ift  for  the  fabrication  of  the  gafifoim  oxide  of  carbon.     Tliis"*^  ™'>*°  '»'■. 

mtrlj  procured 
gas  with  difficulty. 
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i«  now  eafily       gas,  which  formerly  was  to  be  procured  only  with  difliculty 
V'^'^'  9nd  in  fmall  quantity^  may  now  be  obtained  eafily,  readily, 

and  without  much  expenfe,  which  affords  the  advantage  of 
fubjeding  it  to  many  more  experiments  than  has  hitherto  been 
done. 
Other  ufes  of  the     The  apparatus  in  queflion  may  be  of  ufe  likewife  for  the 
afparatus.  preparation  of  fulphuraled  hydrogen  gas,  carbonated  hydrogen 

gas,  and  phofphorated  hydrogen  gas :  it  may  likewife  be  ei9« 
ployed  for  faturating  a  gas  with  any  fubHance  whatever^  par- 
ticularly whep  a  high  temperature  is  requifite  for  this  (atq- 
iration. 

The  better  to  make  known  the  apparatus  of  Mr.  Baroel, 
I  will  give  the  defcrjption  of  it  communicated  to  me  by  the 
author,  and  add  a  flcetch  of  it,  which  will  give  a  more  con^** 
plete  idea  of  all  its  parts.     Plate  VI H^ 
Defcription  of         Suppofe  it  is  required  to  make  gafiforra  oxjde  of  carbon : 
the  apparatus*     fome  charcoal  is  to  be  taken  very  dry  and  carefully  chofen« 
procuring  gafi-    broken  into  fraall  pieces,  and  introduced  into  the  three  gun- 
form  oxide  of     barrels,  B,  C,  D.     The  charcoal  is  to  be  prelled  lightly  togo* 
**'     •  thcr  with  an  iron  rod,  fo  ^s  to  occppy  only  the  psjrt  of  each 

barrel  that  is  to  be  heated,  but  it  muft  not  be  rammed  hard. 
The  three  gun-barrels  are  then  to  be  placed  horizontally  iidQ 
by  fide  in  a  reverberatory  furnace.  A,  leaving  about  two 
inches  diflance  between  them ;  fecured  in  their  placet  with 
moiQened  brick  eartli,  and  covered  with  the  dome  of  the 
furnace. 

This  done,  fix  in  the  mouth  of  the  barrel  B  the  glafs  tube 
f,,  which  is  curved  fo  as  to  admit  its  other  extremity  to  be 
inferted  into  the  neck  of  the  bottle  F  :  the  neck  of  this  bottle 
being  large  enough  to  hold  likewife  the  pipe  of  the  curved 
funnel  G.  Into  the  oppofite  end  of  the  barrel  B  one  of  the 
ends  of  the  cprved  tube  H  is  to  be  introduced,  the  other  end 
of  the  tube  being  inferted  into  the  opening  of  the  barrel  D, 
fo  as  to  forrp  a  communication  between  B  and  D.  A  fimilar 
tube  I  is  fitted  to  the  other  extremity  of  P  and  the  adjacent 
end  of  C,  forming  a  communication  between  thefe  two  bar- 
rels. Laftly,  From  the  oppofite  extremity  of  the  barrel  C 
ilTues  the  tube  K»  which  is  bent  at  right  angles,  fo  that  its 
fecond  curvature  paffes  under  the  receiver  M,  placed  on  the 
il^elf  pf  the  pneumatic  tub  with  water  L. 

Everv 
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Every  thing  being  thus  arranged,  carbonate  of  lime  diluted  Dercrlption  of 

with  a  fmal]  quantity  of  water  is  to  be  poured  into  tbe  bottl*  ^  J^J^"*^ 

F,  mnd  after  all  tbe  joints  of  the  tubes  have  been  luted  with  procuring  gtfi- 

ureal  care,  a  fire  is  to  be  kindled  in  the  furnace.     As  foon  ^°'?  ***'^*  **^ 

as  this  fire  is  fufficicntly  flrong  to  make  the  gun-barrels  red* 

liot,  fulphuric  acid  is  to  be  poured  into  the  funnel  G,  and; 

when  it  comes  into  contad  with  the  carbonate  of  lime  in  the 

ix>ttle  ¥,   it  will  expel  a  large  quantity  of  carbonic  acid; 

Thiif  acid  presently  palfes  through  tbe  tube  £  into  the  barrel 

B,  if  conveyed  from  B.  to  D  throujoh  the  tube  H,  from  D  to   .      ■     "   *  T 

C  through  the  tube  I,  and  thence  iflTuing  by  the  tube  K,  comes 

Out  beneath  the  receiver  M,  placed  on  the  ihelf  of  the  pnea-        .  .  ^{ 

natic  tub. 

The  objc6l  propofed  by  Mr.  Baruel  in  this  arrangement  of 

iijs  apparatus,  was  to  oblige  tbe  carbonic  acid  gas  evolved 

from   the  carbonate  of  lime,   to  traverfe  the  charcoal  coni* 

lained  in  the  thr^e.  gun- barrels,  and  thus  laturate  itfdif  witk 

all  the  carbon  it  could  lake  up. 

In  fad  it  is  eafy  to  conceive,  that  this  method*  rouft  be  This  nwdiod 

more  certain  and  expeditious  than  that  formerly  emploved'.  ^^^  wtwn  and 

-  .  J        r    J      '  ezpeoitiout  than 

when  the  operator  was  fatistied  with  paifing  the  gas  through  the  old ; 

a  tingle  barrel.     It  is  true  it  was  colieded,  and  fubjeded  to  a 

iecond  operation,  or  even  to  a  third;  but  this  mode  was  tel 

diou$»  and  much  of  the  gas  was  always  loft.     In  this  new  for  nothing  is 

method  on  tlie  contrary  nothing  is  loft,  and  a  product  is  fcpa^  1^^^**  ?*]  ^j?* 

rated  at  once,  which  poirelics  ail  the  properties  that  charadler-  itM«e. '        I 

ife  the  gafiiorm  oxide  of  carbon,  and  which  may  be  ufed  un-  '  ) 

fparingly,  fince  it  is  always  obtainable  in  large  quantity. 


XVII. 

Dcfiriptlon  of  an  improved  Mill  for  levigating  PainUrs  Coloi^r*, 
Z»yJ/r.  James  Rawlinson,  of  Derbj/**  : 

1  HE  hitherto  very  unmcchanical,  inconvenient ,  and  high(y  Great  incoave« 
injurious  method  of  grindinjr  poifonous  and  noxioi|s  colours,  *)'"«•  and  un- 
led  me  firft  to  imagine  a  better  might  eafiiy  be  contrived  for  feds  of  grindiM 

that  purpofe.     It  muft  be  obvious  to  every  perfon,  that  the  ®°^**^  ^^'^  *^ ' 
■^     "^  ^  "        '  ftonc.      .  '    t 

*  From  the  Memoirs  of  the   Society  of  Arts  for  1804    who 
«irar4ed  him  the  filver  medal. 

method 
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m^iboA  hkherio  adopted  of  n^riodiflg  cokmrs  on  an  bortsontal 
macUe  iUb^  witb  a  fiDall  pebble  muller,  requires  the  body  al' 
the  perfon  who  grinds  to  bend  over  that  ilab,  and  confeqoentljr 
bis  head ;  which  catifes  him  conflantly  to  inhale  the  noicioua 
and  poifoftoua  volalile  parts  of  the  paint,  which  is  not  unfFo* 
quoDtly  grosMl  with  oil  faturaled  with  litharge  of  lead ;  and 
if  we  may  judge  from  the  very  unhealthy  appearance  of  thefe 
men,  accuilomed  to  much  colour-grinding,  it  fhould  feem  the 
bad  dfieds  of  this  employment  require  a  fpeedy  remedy. 
.    't.hp  machine,  of  which  1  now  fend  the  Society  a  model, 
^much^bc^^  bas  not  only  the  advantage  of  being  an  eftauaJ  remedy  of 
performed,  and  ibis  exteofive  and  (ievere  evil  to  recommend  it,  but  ii  grinds 
without  incoa-   ^jg  colour  much  eafier,  much  finer,  and  much  quicker,  than 
any  method  hitherto  adopted.     Having  oocaiian  for  a  con* 
liderab&e  quaotity  of  colour-binding  in  the  profeffion  in  which 
I  am  engaged,  and  that  in  the  fineft  (late  pofljble,  and  baving 
nade.  ttfe  of  this  machine  for  feveral  years,  and  being  more 
and  more  convinced  of  its  utility,  I  thought  it  my  duty  lo 
plefent  it  lo  the  Society  of  Arts,  hoping  (hat  it  might  not  be 
jallogetber  unworthy  of  their  attention.    The  roller  of  the  ma- 
chine ibat  I  ttfe  is  (ixteen  inches  and  a  half  in  diameter,  and 
/our  inches  and  a  half  in  breadth.    The  concave  muUer  that 
it  works  again(l  covers  one-third  of  that  roller :  it  is  there- 
fore  evident,    that  with  this  machine   I   have  feventy-two 
iquare  inches  of  the  concave  marble  muller  in  conftant  work 
on  the  paint,  and  that  I  can  bring  the  paint  much  oftener 
under  this  muller  in  a  given  fpace  of  time,  than  I  could  by 
the  ufual  method  with  the  pebble  muller,  which  is  feldom 
more  than  four   inches   in    diameter,  and  confequently  bas 
fcarcely  fixteen  fquare  inches  at  work  on  the  paint,  when 
my  concave  muller  has  feventy-two.     I  do  not  mean  to  fay 
that  a  roller,  the  iize  of  that  which  I  now  ufe,  is  the  largeft 
«vhfch  might  be  employed;  for  truly  I  believe  that  a  roller 
two  feet  in  diameter,  with  a  concave  muHer  in  proportion, 
lyould  not  be  hard  work  for  a  man ;  and  then  the  advantage 
lo  the  public  would  be  (lill  farther  increafed. 
tBiis«nlifltble     This  machine  jyvill  be  found  equally  ufeful  for  the  colours 
^  ^fj*^**^?^  ground  in  water,  as  for  thofe  ground  in  oils ;  and  I  dofibt  not 
but  tlie  great  importance  of  this  iimple  machine  will  be  very 
/oon  generally  e^cpcriencjed  in  J^i  manufadories  where  colours 
are  ufed.    The  labour  necefTary  with  this  machine,  in  grind* 


It  works  wilb 
five  timet  the 
liirface  ot  the 
muller. 


SaoU* 


img  edoiift  exceedingly  line»  is  very  eafy.  It  i%  vfeleCi  4o 
enter  into  any  minuie  deicripcion  in  this  place,  as  «  faftre  in* 
^Mddfon  of  the  machine  muli  rufiiciently  explain  itfelf.  •* 

To  the  colourmati  it  would  evidently  be  an  eiiential  favin^ 
of  laboory  and  confequently  of  expenfe,  which  will  prabaMy 
bave  fome  wetgbt  as  a  recoipfnemlalion ;  and  the  ad  vantages 
-to  thecoknir-grinder  have  been  already  dated. 

Piate  V.  fig,  3.  A  is  a  roller  or  cylinder  made  of  any  kind  Deferiptioo,  hy 
cT  marble;  black  marble  is  efteeroed  the  befi,  >>«<»»^  >^«''!l^g!^^ 
Ibe  liardeA«  and  takes  the  bed  poliflu  B  is  a  concave  auiller 
covering  one-third  of  the  roller,  ef  the  fame  kind  of  fnarblci 
and  fixed  in  a  wooden  frame  b,  which  is  bung  to  the  Unme 
£  at  i  u  C  is  a  ftrong  piece  of  iron,  about  an  inch  broad» 
lo  keep  the  muller  fteady,  and  is  fixed  to  the  frame  with  a 
joint  at  /  The  fmall  binding-fcrcw,  with  the  fiy  na4,  tliat 
|ialles  through  the  centre  of  the  iron-plate  at  -c,  is  for  the 
paq>ofe  of  iaying  more  pre(rure  on  the  muller,  if  required, 
OS  well  as  to  keep  it  fieady.  D  is  a  taker-off,  made  of  a 
<:leck-fpring  about  half  an  iiKrb  broad,  and  fixed  in  jLhe  manner 
of  a  firame-faw  in  an  iron  frame  k,  in  an  inclined  pofilioa  lo 
the  roller^  and  turning  on  pivots  at  d  d,  G  is  a  (lide*i)oard  to 
<lfaw  oat  occafionally,  to  clean,  &c.  if  any  particles  of  paint 
fliould  fall  from  the  roller,  and  which  alfo  forms  itfelf  for  fbe 
plaie  H,  to  catch  the  colour  on  as  it  falls  from  tlie  tiker-off*. 
F  is  a  drawer,  for  the  purpofe  of  containing  curriers  Qiavings, 
wbich  are  the  bed  things  for  cleaning  paint-mills.*— £  is  tlie 
frame. 

Previous  to  the  colour  being  applied  to  the  mill»  I  fiiould  PuIverisatiMit 
recommend  it  to  be  finely  pulverized  in  a  mortar,  covered  in  ^^  ^^^  grinding^ 
tbe  manner  of  the  chemilU  when  they  levigate  poifonous drugs  ^,  Ltioa. 
This  procefs  of  dry-grinding  is  equally  neoeffary  for  the  marble 
flab  now  in  ufe;  alter  which  it  (hould  be  mixed  with  oil  or 

*  Or  rather  in  an  improved  mill,  ufed  at  Manchcfter  by  Mr. 
Charles  Taylor,  for  grinding  indigo  in  a  dry  ftatP|  of  which  I 
have  annexed  a  drawing,  and  reference,  to  render  the  whole  bufi- 
nefs  of  colour-grinding  complete. — Note  of  the  Author. 

This  IS  the  fame  apparatus  as  was  ufed  under  the  name  of  a  fbi* 
hfophicai  miii,  in  the  laboratory  at  Gottorp,  about  the  beginning  of 
the  lad  centuiy.  See  the  memoir  of  Dr.  Joel  Lsngelot,  with  an 
eagraviog,  tn  Lowthorp's  Abridgment  of  the  Philoii»p]iical  Tianf< 
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This  mill  it  not 
a  crude  projed, 
but  has  been 
ufed  feveral 
years. 
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water,  and  with  a  fpatula  or  pallet-knife  put  on  the  roller,  near 
to  the  top  of  the  concave  muller,  and  the  roller  turned  round* 
which  takes  the  colour  under  the  muller  without  any  difficulty, 
and  very  few  turns  of  the  roller  fpread  it  equally  over  its  furface. 
When  it  is  perceived  fufficiently  fine  for  the  purpofe  required, 
it  is  very  eafily  taken  </ff  by  me^ns  of  the  taker-off  defcribed, 
"which  mufl  be  held  againfl  the  roller,  and  the  roller  turned  the 
reverie  way,  which  cleans  it  very  quick  and  very  completely; 
and  the  muller  will  only  require  to  be  cleaned  when  you  defiil 
or  change  the  colour.  It  is  then  turned  back,  being  hung 
on  pivots  to  the  frame  at  s'  t,  and  cleaned  with  a  pallet-knife 
or  fpatula  very  conveniently.  Afterwards,  a  handful  of  cur- 
riers (havings  held  on  the  roller,  with  two  or  three  revolutions 
cleans  it  effectually ;  and  there  is  lefs  wafte  with  this  machine 
than  with  any  marble  (lab. 

As  to  the  quantity  ground  at  once  on  this  mill,  it  muft  be 
repilated  by  the  (late  of  flnenefs  to  which  it  is  required  to  be 
ground.  If  it  is  wanted  to  be  very  fine,  a  fmaller  quantity 
mud  be  put  on  the  roller  at  a  time ;  and  as  to  time  requiiite 
for  grinding  a  given  quantity  of  colour,  this  will  alfo  depend 
on  the  (late  of  finenefs  to  which  it  is  ground.  I  have  obferved 
that  my  colour-grinder  has  ground  the  quantity  of  colour  which 
ufed  to  ferve  him  per  day,  with  this  machine,  in  three  hours, 
and,  as  he  faid,  with  eafe.  The  colour  alfo  was  much  more 
to  my  fatisfa6lion  than  in  the  former  way,  and  attended  with 
lefs  wa(le» 

I  have  mentioned  the  pulverizing  the  colours  in  a  covered 
mortar,  which  would  prevent  wafte,  and  prevent  the  duft  and 
fineft  parts  of  noxious  colours  from  being  injurious  to  the 
grinder.  In  fome  manutadlories,  where  large  quantities  of 
colours,  prepared  from  lead,  copper,  and  arfenic,  arc  ufed, 
this  precaution  is  particularly  necelTary.  I  do  not  mean  to  fay 
that  my  machine  is  intended  to  fuperfede  the  paint-mill  now 
jn  ufe  for  coarfc  common  colours.  It  is  intended  for  no  fuch 
purpofe;  but  to  fuperfede  the  ufe  of  the  very  awkward  and 
unmechanical  marble  flab  now  in  ufe,  and  on  which  all  the  co- 
lours for  china  manufactories,  coach-painters,  japanners,  and 
colour*manufa6turers  for  artifls,  &c.  &c.  are  now  ground. 

Several  of  the  colourr manufacturers  have  exprefTed  to  me 
their  great. want  of  fuch  a  machine;  and  that  I  had  no  defire 
of  troubling  the  public  with  a  machine  that  would  not  anfwer, 

is 
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U  evident,  from  in)*  having  ufed  it  feveral  years  before  I  pre- 
fuBicrd  to  recommend  it  to  their  attention.  Being  therefore 
now  completcl)-  convinced  of  itis  utility,  and  hoping  that  it 
EDJght  relieve  a  number  of  my  fellow  •creatures  from  a  dan* 
gerous  employment,  I  have  ventured  to  commit  it  to  the  pro- 
tc^ion  of  the  Society  of  Arts  ;  hoping,  through  their  roeau% 
to  fee  its  ultimate  fuccefs.  And,  farther  to  give  the  Socictjr 
the  mo(t  complete  aflurance  in  my  power,  1  have  annexed  the 
opinion  of  a  very  ingenious  and  mechanical  friend  of  mine 
who  ha<(  frequently  feen  it  work.  If  any  other  queftions  fhoald 
occur  to  the  Committee,  that  may  be  in  my  power  to  explain^ 
I  fhall  gladly  do  fo. 

I  am.  Sir, 

Your  moft  obedient  fervant 

JAMKS  RAWLINSOX 
Dtrby,  Feb.  G,   1 S04. 

Charles  Ta}lor,  £fq. 

P.  S«  When  the  colour  is  ground,  I  recommend  the  follow-  Inftrnaions  im 
ing  mode  of  tying  it  up  in  bladders,  in  preference  to  the  ufua]  2iJLI?of 
method.     Indead  of  drawing  the  neck  of  the  bladder  clofe,  in  lour, 
tlie  acl  of  tying  it,  infert  a  flender  cylindrical  Aick,  and  bind 
the  bladder  clofe  around  it.     This,  when  dry,  will  form  a 
tube  or  pipe,  through  which,  when  the  (lick  is  withdrawn^ 
the  colour  may  be  fquec;(ed  as  wanted,  and  the  neck  again 
dofed  by  replacing  the  ftick.     This  is  not  only  a  neater  and 
much  more  cleanly  mode  than  the  ufual  one  of  perforating  the 
bladder;  and  Hopping  the  hole  with  a  nail,  or  more  com- 
monly leaving  it  open,  to  the  prejudice  of  the  colour;  but 
(he  bladder,    being  uninjured,    may  be  ufed  repeatedly  for 
freAi  quantities  of  colour. 

N.  B.  The  barrel  of  a  quill  may  be  tied,  in  place  of  the 
Aick,  into  the  neck  of  the  bladder,  with  its  clofed  end  out- 
wards, which  will  keep  the  colour  fecure  in  travelling,  and* 
when  ufed,  the  end  of  the  quill  being  cut  off,  it  may  after- 
wards  be  clofed  by  a  flick.** 

^  A  certificate  from  Mr.  Thomas  Swan  wick,  of  Derby,  and 
alio  from  Mr.  John  Middleton,  of  St.  Martinis  Lane,  confirming 
the  above  ftatement,  accompanied  thefe  papers. 

Reference 
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Rrfer^nce  to  the  improved  Mill  for  grinding  Indigo,  or  other 

dry  Colours, 

D^fnnption  of  Plate  V.  Fig.  1.  L  rq)refenls  a  mortar  made  of  marble  or 
^''fj?'"  ^"  **'y  hard  (lone ;  one  made  in  ihe  common  way  will  anfwer.  M, 
A  mullet  or  grincler,  nearly  in  the  form  of  a  pear,  in  the 
upper  part  of  which  an  iron  axis  is  firmly  fixed,  which  axis, 
at  Ifae  parts  N  N,  turns  in  grooves  or  flitsy  cut  in  (wo  pieces 
of  oak  prqeding  horizontally  from  a  wall,  and  when  the  axis 
is  at  work,  are  fecured  m  the  grooves  by  iron  pin<,  O  O. 
P,  the  handley  which  forms  a  part  of  the  axis^  and  by  which 
the  grinder  is  worked.  Q,  the  wall  in  which  ihe  oak  pieces 
N  N  are  fixed.  R,  a  weight  which  may  occafionaliy  be 
addedy  if  more  power  is  wanted. 

fig.  5.  (hews  the  muller  or  grinder,  with  its  axis  fcparafe 
from  the  other  maclrinery  ;  its  bottom  fliould  be  made  to  fit 
the  mortar.     S  is  a  groove  cut  through  the  (lone. 

On  grinding  indigo,  or  fucli  fubHance,  in  a  dry  Hate,  in 
this  milli  the  muller  being  placed  in  the  mortar,  and  fecured 
in  the  oak  pieces  by  the  pins,  the  indigo  to  be  ground  is 
thrown  above  the  mutter  into  the  morlar;  on  turning  the 
handle  of  the  axis,  the  indigo  in  lumps  falls  into  the  groove 
cut  through  the  muller,  and  is  from  thence  drawn  under  the 
a^ion  of  the  muller,  and  propelled  to  its  outer  edge  within 
the  mortar,  from  whence  the  coiirfer  particles  again  fall  into 
the  groove  of  the  muller,  and  are  again  ground  under  it; 
which  operation  is  continued  I  till  the  whole  of  it  is  groumi 
to  an  impalpable  powder;  the  muller  is  then  cafily  removed, 
and  the  colour  taken  out* 

A  wood  cover,  in  two  halvei*  with  a  hole  for  the  axf«, 
is  ufually  placed  upon  the  murtar,  during  the  operation, 
to  prevent  any  lofs  to  the  colour,  or  bad  eiftcl  to  the 
operator* 


J  acvj 


*.  . 


ys  V 


%; 


w> 


^i^rj^/it^  m^//,;/-/ A"^"'y  '^''  /•"''' 


I  ci::!:!!'''-^'^  ^tj^jl^/:  .a-/«„.//^ 


ii«^^ 


— d^ff^m^^/t: 


I 


r' 


t 


>>l   :* 


•  * 

'■    .J 


MX.TaOMSON's  PO&IFICATIOll  0>   GOLO  AV9  SIWRR,  }^ 

XVIII. 

J  nets  and  cheap  Method  of  purifjfing  Gold  and  Silver,  By 
Andrew  Thomson^  £/y.  of  Banchory,  ,ncar  Aberdeen, 
In  a  Letter  from  the  Difcorerer. 

To  Mr.  NICHOLSON. 
SIR, 

1  INTENDED  (o  b»ve  deferred  the  prefcnt  commanicalionTh'*  pttl»Bc«to 
(ill  fuch  time  as  I  fliould  have  it  in  my  power  to  lay  before  ^^\nSl^^cm^ 
public  the  complete  feries  of  experiments  io  which  I  have  tht  iofttiMDr 
been  engaged  with  regard  to  the  purification  of  gold  and  .nfi^,,^^ 
filver.     But  anlackily  I  mentioned  a  few  particular  circam- 
fiances  with  regard  to  them,  to  a  man  who  took  it  upon  him, 
without  my  knowledge,   to  fend  an  account  of  then  for 
publication  to  a  periodical  work.     As  I  underfland  that  work 
will  not  appear  fo  foon  as  your  4iext  number,  I  beg,  if  you 
think  it  worthy  of  a  place,  that  you  will  infert  the  following 
account  of  fome  attempts  I  have  been  making  to  purify  the 
precious  metals. 

Being  much  at  a  lofs  for  want  of  a  crucible  of  pure  tilver^'*^  ^ 
for  the  analyfis  of  fome  minerals,  and  as  all  the  ufual  methods  ^^i^^  _^P„ 
pradiced  for  purifying  that  metal  are  very  troublefome,  I  fet^rombcU-meuL 
myfelf  to  conOder  the  various  operations  on  metals,  in  hopes 
of  falling  on  a  more  iimple  way  of  accompli (hing  my  purpofe. 
At  length,  I  found  a  proccfsof  Peiletier's,  which  promifed  to 
fucceed,  and  mine  is  merely  extending  his  idea  a  little  further 
than  he  did  himfelf. 

He  was,  I  believe,  employed  by  the  French  government  Wcoxi<k#tlietfa 
to  difcover  an  eafy  way  of  feparating  the  tin  from  copper  on  /"*"*"*•*** 
belUmetal,    and  the  procefs  he  gave,   is  tliis.      Upon  the 
melted  bell-metal  projed  black  oxide  of  manganefe  in  powder, 
frequently  (lirring  the  metal  till  all  the  tin  becomes  oxidated- 
by  the  manganefe.     He  adds  a  caution,  not  to  add  too  much  *"  '"^  propor* 
manganefe,     otherwife  part   of   the    copper    alfo  will  he^£l^^^ 
dedroyed.  copper. 

It  immediately  Hruck  me^  that  in  this  way  I  might  be  able  The  aathor*s 
to  oxidate  the  copper  which  alloys  our    iilver,  and  upon  cJliiffe  fil^Swa 
making  the  trial  I  fucceeded  completely ;  I  had  fome  impure  rolled  out;  theo 
filver  rolled  out  to  about  the  thicknefs  of  a  nulling,  this  If!^".l^> 

**  bedofa  in  oiiji* 

-  coiled  g^nefe  I  sad 
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Aroofly  ignictt!   coiled  up  fptrally,  and  put  into  a  crucible,   the  bottom  of 

to  bowr"^*'       which  was  covered  with  black  oxide  of  manganefe.     I  then 

All  the  metal      added  more  oxide  till  the  (ilver  was  covered,  aiKi  all  the 

«ttaiided*        (pace  between  the  coils  completely  filled.     A  cover  was  then 

luted  to  the  crucible,  and  a  fmall  hole  left  for  the  efcape  of 

oxigen  gafs.     When  this  had  been  expofed  for  a  quarter  of 

an  hour  to  a  heat  fufficient  to  melt  filver,-!  found  the  furface 

of  the  manganefe  brown  from  the  lofs  of  oxigen  ;  but,  where 

the  (ilver  had  been,  the  whole  was  one  uniform  black  powder/ 

without  the  leail  appearance  of  metallic  luflre,  fo  that  I  had 

no  doubt,  that  even  the  filver  was  become  an  oxide. 

The  whole  €01^      I  then  put  the  whole  contents  of  the  fir  ft  crucible  into  a 

M^^teMTlarger  ^^^^^^^  ®^  *  larger  lizc,   into  the  bottom  of  which  I  put  a 

crucible  with       quantity  of  pounded  green  glafs,  about  three  times  the  bulk 

thrice  iti  bulk  of  ^f  tlie  contents  of  the  firft  crucible,  and  luted  on  a  cover  as 
arcea  cult* 

before,  to  prevent  the  accefs  of  any  inflammable  fubOance. 

Strong  heit  The  crucible  was  then  expofed  to  a  heat  fufficiently  Hrong 

^^ateducl^tbe  '®  ""^^  ^^®  ^^*'*  ^^^y  *^**'^"  *^P""  cooling  and  breaking  the 
filter  pure,  aad  crucible,  I  found  the  itlver  at  the  bottom  perfe^ly  pure,  as 
doneinebuitDn.  j^g  ©xide  alone  could  part  from  its  oxigen  without  the  accefs 
Thit  proceft  of  fome  inflammable  fubdance.  I  find  this  proccfs  anfwera 
"*A^ol?     ^  'equally  well  for  purifying  gold,  and  to  me  it  feems  to  |>oflefs 

fome  advantages  over  all  the  former  methods.     The  materials 
ufed  are  cheap,  and  a  large  quantity  can  be  refined  as  foon, 
and  as  eafily  as  a  fmall  quantity,  by  merely  ahering  the  capa- 
city of  the  crucible  yon  ufe. 
The  metal  maft       1  tried  the  (ame  operation  on  gold  and  (ilver  in  round 
J**J[  ^*J1.^       raatTes,  but  found  it  went  on  very  (lowly,  and  what  I  fcarcely 
expcdled,  in  the  firft  part  of  the  procefs  of  oxidating  the 
metalsf  the  remaining  metal  continued  uniformly  impure  or 
nearly  (Of  until  the  whole  was  oxidated. 
The  propotiJloot>      1  regret  that  i  have  been  forced  to  make  thit  matter  public, 
Sen^lwcauftr  ^^^'^  I  could  do  it  in  a  manner  fatisfadory  to  my  (elf.     f 
the  author  has     wilhed  to  have  given  the  exad  proportions  of  alloy t  manga* 
^*^'cate^^"  nefe,  and  glafs  to  be  generally  ufed,  and  to  have  afcertaincd 
yiocefs*  if  there  is  any  truth  in  the  old  opinion,  that  faltpetre  melted 

with  gold  dcflroys  a  part  of  it,     I  fuppofe  that  idea  may  have 
,  arizen  from  the  oxigen  given  out  by  the  nitre  in  a  high  heat, 

oxigenaling  the  copper  contained  in  the  impure  gold,  which 
has  been  the  fubjcd  of  the  experiment. 

J  Since 


Since  the  above  was  written,  I  have  been  informed  lhal«e  ttndicatet 
this  matter  das  a£luaUy  been  publiQied,  but  knovr  not  In  what' 
work.  I  hope-yoa  will  ftil]  have  the  goodnefs  to  infert  this  at 
an  original  communicalion,  as  I  do  not  think  the  perfon  who 
has  publifhed  it  will  have  the  impoderice  to  call  it  his  own, 
and  as  Mr.  Kirwan,  and  other  celebrated  chemilU  long  ago 
advifed  me  to*  publifh  ify  I  have  already  dated  my  reafons  for 
not  following  iuch  good  advice. 

As  I  have  now  been  forced  to  appear  before  the  public,  I 
have  hopes  I  (hall  be  Me  to  prevail  on  fome  of  my  friends  to 
commit  themfelvcs  in  the  fame  way,  in  the  confidence  that 
their  labours  will  be  found  uleful  to  the  public. 

I  am.  Sir, 

Your's  truly, 

ANDREW  THOMSON* 
Banchory t   hy  Aberdeen  ^ 

Maybth,  1805. 


Memoir  on  the  Propagation  af  Sound,  By ^,Hk%%%iK^^k'tt.^ 

A  HE  produdion  of  found  is  afcribed  by  all  natural  piiilofo*  Sonnd  producid 
phers  to  the  vibration  of  the  molecules  of  bodies.  **y  iribrationi. 

The  vibration  of  thefe  molecules  admits  of  two  kinds  ofvrhichdiffiBriB 
modification;   1ft,  in  velocity;  2ly,  in  magnitude.     The  fi' '^ maMiUudfc  * 
of  thefe  determines   the  nature  of  tones;  the  fecond,  their 
force  or  intenlitf . 

Sound  is  tranfmitted  to  the  ear  by  the  molecules  ihat  fill  the  The  fi>noctKis 
medium  or  interval  between  the  fonorous  body  and  the  organ -^,  vibratiolioL 
of  the  hearing.    The  movement  of  the  fonorous  body  impreflTesfomemediiia, 
on  the  molecules  of  the  medium  an    impulfe,  which  they  ^.  T****** 
tran(roiti|rom  one  to  another,  till  it  reaches  the  ear,  with  atinuedtocht 
greater  or  lefs  velocity.     In  this  tranfmiflion  the  vibration  may^*^* 
undergo  two  kinds  of  alteration:   1(1,  in  its  velocity;  2dly,  in 
its  intend ty.     In  this  memoir  I  (hall  only  tranfcribe  fome  ex- 
pertment«  relative  to  the  velocity  of  found. 

Philofophers  have  long  been  engaged  in  determining  the  Tke  velocicy  af 

velocity  of  found,  but  confidering  the  air  ak  the  chief  medium  ^®"°^.  ^'****«** 

'  ^  examined  aolf  ■  • 
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f  by  which  it  is  IranfiiiiUed  to  the  ear,  they  have  attended  only 

to  its  velocity  in  air,  and  have  employed  two  difierent  me- 
thods to  determine  this,  theory  and  experiment. 
Tbts  Telocity  .  Thefe  two  methods  have  led  to  the  following  remarkable 
uniform  in  a  refults:  1ft,  that  the  veUcity  of  found  in  a  given  mediafn,  it 
*  uniform^  whatever  its  diftaoce  from  the  phonic  ceatre,  and 
indtbedenfity  whatever  its  iolenfiLy:  2dly,  that  the  denfity  of  the  medium. 
of  the  medium  g^  equal  preflbres  is  one  of  theelements of  the  velocity;  for  it 
aeati.  bas  been  found  by  theory,  that  the  velocity  of  found  is  the  fame 

as  that  of  a  body  falling  from  half  the  height  of  an  abDof->; 
phere  fuppofed  to  be  of  equal  denfity  with  the  air  in  the  ^ace 
where  (he  found  is  tranfmitted;  and  by  experiment,  that,  all 
other  circumftances  being  equal»  the  velocity  of  found  is  the 
Not  affe£fced  by  ^^™^  ^^  different  prelfures  of  the  barometer;  fo  that  it  is  equal 
the  height  of      on  tlie  fummit  of  a  mountain  and  on  the  fea-Qiore.     In  fadl, 
the  birometer,    ^^^  denfity  of  the  air  being  proportional  to  the  compreflTing 
weight,  (he  height  of  the  column  of  mercury  in  the  barometer, 
divided  by  (he  denfity  occadoned  by  this  prefTure,  is  a  conflant 
quantity ;  and  the  height  of  the  atmofpbere  of  aunitbrm  den- 
fity being  equal  to  the  total  weight  of  the  air  divided  by  its 
denfity,  it  follows  that  the  height  of  (lie  barometer  ought  to 
Blmconi  iflexti  make  no  difference  in  the  velocity  of  found.     Blanconi  aiferts. 
St  to  be  left  in     (Comment.  Bonon,  vol.  II.  p.  3o5),  that  the  velocity  of  found 
fuinner.  ^'  lefs  in  winter  (ban  in  fummer,  fince,  according  to  his  expe- 

riments, it  takes  four  feconds  more  in  winter  to  traverfe  a  fpace. 
Ddkan  denies    of  fixteen  Italian  miles*     Derham  afiirms,  (hat  the  velocity  of 
b  bt  ^mmT*"  ^^^^^  '•  *^®  hme  whether  the  air  be  extremely  hot  or  extremely 
cold,  though  his  tables  of  experiments  will  be  found  on  ex* 
amination  favourable  to   the  opinion  of  Blanconi;    f<>r   tlie 
greateft  velocity  of  found  in  them  was  on  the  5th  of  April,  at 
one  o'clock  in  the  afternoon,  being  three  miles  in  III  half- 
feconds,  and  tlie  leaA  velocity  on  the  121ii  of  February,  at  fix 
oVlock  in  the  evening,  being  three  miles  in  122  half-fecond<t. 
Jit  theexperimeiitsonthe  velocity  of  (bund  undertake)  by  the 
Academy  of  Sciences  in  1737  were  made  at  temperatures  that 
exhibit  only  two  or  three  degrees  difference,  perhaps  it  would 
be  well,  as  Mr.  Laplace  thinks,  if  (hey  were  repeated  at  a 
time  of  (he  year  when  the  temperature  is  very  different;  for 
Ms  itf^Aed  by*  experience  has  taught  u<,  that  this  velocity  i^  equal  in  rainy 
V^.JUl^        and  in  fine  weather,  fo  that  nothing  but  change  of  temperature 
can  produce  any  variaiipn.  in  this  refped. 

Wba 
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Whatever  thefe  refalts  may  prove,  as  the  experiments  <m 
the  veloc:iiy  and  propagation  of  found  have  been  hitherto  madcr 
\a  the  ftir  alone,  it  was  an  interefting  enqairy  to  determine  the 
vetodty  of  found,  when  tranfinitted  by  other  bodies^  and  par« 
ticafauly  of  dift*erent  denfities  with  rcfped  to  air.  Mr.  La- 
place,  to  whom  branches  of  phytical  fcience  are  indebted  fof 
improvement^  invited  me  about  eight  months  ago  to  maka 
esperimeats  on  this  fubjed,  and  particularly  on  the  propaga* 
tioo  of  found  through  folid  bodies;  and  the  experiments  of 
which  I  (ball  give  an  account  in  this  paper  were  prindpalljr 
nade  in  confequence  of  that  gentleman's  fuggeftion. 

Making  experiments  in  the  quarries  beneath  Paris  on  the  'Bxpenmetatr  on 
Iranfmiffion  of  found  through  long  galleries,  I  caufed  a  perfon  Jf^JHId^SSSSB 
to  firike  with  a  hammer  againft  a  mafs  of  (lone,  retiring  at  the  the  ftooe  in 
fame  time  by  degrees  from  the  place  of  Ariking,  in  order  to  V*»n««» 
difiingoith  if  poffible  the  found  tranfmitted  by  the  (lone  from 
that  tranfmitted  through  the  air.     Placing  ray  ear  againft  the 
mafs  of  calcareous  flone  through  which  thefe  galleries  are  car# 
ried,  at  a  (hort  diRance  I  diftinguifhed  two  founds  perfectly  fe« 
parate,  one  tranfmitted  by  the  air,  the  other  by  the  ftone. 
Both  founds  grew  weaker  in  proportion  as  I  retired  from  the 
Itriking  point ;  but  that  tranfmitted  by  the  fione  was  weakened 
much  more  rapidly  than  ihal  tranfmitted  through  the  air.     In  It  wis  codtej^ 

a  gallery  excavated  beneath  Rue  de  la  Harpe  the  found  tranf-  ^«>ugh  the 

'^        J  ■  ftoDC  only  140 

Bitted  by  the  ftoneceafed  to  be  aadible  at  134  paces  diflance;  paces; 

and  in  a  gallery  beneath  Rue  de  St.  Jaques  at  140  paces.—  — *>»«  thwagli 

Through  the  air  the  frmnd  was  tranfmitted  to  400  or  440  paces  the  air  440. 

ditlance.     The  found  tranfmitted  by  the  ftone  always  reached  *J^P*^^JJ^^'"* 

the  ear  much  fooner  than  (hat  tranfmitted  by  (he  air^  ftone. 

Mr.   Berthollet,  to  whom  Mr«  Laplace  imparted  thefe  re-  Experiment  it* 
fults,  deiirous  of  being  alTured  whether  the  found  of  a  hammer  peitedjf  and 
could  be  tranfmitted  through  a  mafs  of  (lone  I40  paces  thick, 
requefted  Mr.  Gay,  by  my  defire,  to  be  prefent  at  my  expe* 
riments.     Wi(h  thi<;  young  chcmifi  }  repea(ed  tlie  experiment  the  found  con- 
of  the  tranfmiflion  of  found  through  ftone  on  feveral  feparate  ^*y*^  isopacts^ 
mafTesy  and  he  convinced  himfelf,  (hat  found  was  capable  of 
being  tranfmitted  through  a  maf»  150  paces  in  length. 

It  was  long  ago  oblerved  in  working  mines,  (hat  the  noifeThe  propa^tiofl 
was  propaga(ed  to  a  very  great  dlHance  through  maflles  ofof  fow«*  throng b 
rock ;  and  the  line  of  the  found  heard  through  the  (lone  ferves  e^erved  by*^ 
on  many  occafions  to  determine  the  direction  in  which  ttte  gaU  chaniu^ 
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Juries  are  canted  on  ;  but  do  one  had  attempted  to  obferve* 
MPhelher  the  velocity  of  tlie  found  tranfmitted  by  the  Aone  dif- 
Its  ▼elocity  ap«  iered  from  Ibat  of  the  found  tranfmitted  by  the  air.     My  ex- 
^  of '^ifght!  ^^  P^finrieots  in  the  quarries  underneath  Paris  have  ^ght  mCt 
ihat  the  difference  is  coniiderable ;  and  when  the  gallery  is 
Sufficiently  (Iraight,  to  be.  able  to  difcern  the  motion  of  the 
hammer  with  tlie  eye,  no  calculable  difference  can  be  per- 
ceived between  tlie  conveyance  of  the  motion  to  the  eye  and 
that  of  the  found  to  the  ear. 
The  diflfertncet       The  didance  which  the  found  of  the  hammer  can  be  con- 
of  thcdiftanccs  yeved  to  the  ear  varies  considerably  wiih  the  nature  of  the 

to  which  louno  .  _ 

11  tnofmitted  Aone  and  the  feparalionft  or  finiires  in  the  mafs.  Having 
through  foUd  •  caufcd  a  man  to  Hrike  with  reiterated  blows  againfl  an  ifolated 
g^^  ~   wall,  built  of  common  (lone  of  the  fame  kind  as  tliat  in  the 

qaarries#  and  cemented  with  mortar,  the  found  was  tranfmit- 
ted only  thirty  paces.  Striking  in  the  fame  manner  on  a  pa,* 
rapet  of  hewn  flone  raifed  on  the  borders  of  the  Seine,  the 
found  was  tranfmitted  46  paces.  Thete  experiments  were 
joade  in  the  open  air  by  day,  corifcqucntly  under  circumAances 
iefs  favourable  to  the  propagation  of  found  than  when  on  the 
calcareous  maifes  in  the  quarries  ;  but  the  diifeience  between 
SO  and  -Ui  paces,  under  tlic  fume  circumfiances,  on  mailes 
differing  only  in  the  dimenfions  of  the  flones  of  which  they 
were  formed,  is  very  remarkable. 
Experimeots  re-  Encouraged  by  the  fucccfs  of  my  expeiiments  in  the  quar* 
pcated,.  |.]^^  and  by  the  invitation  of  Mr.  l^aplace,  1  attempted  to  re- 

peat the  fame  cxperimenU  on  diticreiit  fubHances. 
bntim^.  By  the  fide  of  the  high  road  that  leads  from  the  place  dcla 

Concorde  to  Chaillot  along  the  bank  of  the  Seine^  on  the  iione 
wharf  of  St.  Leir,  oppodte  the  fieam-engine  of  Gros>Caillou, 
is  placed  a  railing  210  paces  in  length,  formed  of  31  pieces  of 
Conveyed  far-    timber,  feparated  by  four  large  polls.     The  blow  of  a  hammer 
thrr  than  in  ihc  ^^  Q„g  extremity  of  this  railing  was  heard  di[lin6ily  at  the 
^  '  other,  though  through  the  air  it  was  audible  only  120  paces. 

At  the  diflancc  at  which  both  the  founds  were  audible,  that 
.through  the  wood  was  heard  long  before  the  other  ;  and  wlien, 
(landing  at  the  grcatell  diftance  from  the  place  of  the  blow,  I 
Ir»  velocity  ap-   heard  only  the  found  tranfmitted  through  the  timber,  the  ve- 
5I^"j£^jj2j*[f  ^  locity  of  its  tranfmiffion  was  fo  great,  that  it  was  difficult  to 
diHinguiOi  any  interval  between  the  perception  of  the  found 
.,  by  the  car,  and  of  the  motion  of  the  hammer  by  the  eye. 
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'  Having  convinced  myfelf,  tliat  the  ffropagation  of  foand 
tiiroogh  ftone  and  through  wood  was  tfk^ed  with  much 
greater  velocity  than  through  air,  and  that  the  time  of  its  trant 
ftiiffion  to  fuch  (liort  di  fiances  as  thofe  on  which  I  was  able  to 
make  experiiftents  was  too  little  for  calculatton,  I  was  defirouf 
•f  knowing  whelher  the  velocity  of  its  tranfiniffion  through 
metallic  fubflances  were  the  fame. 

•  Several  experiments  on  bars  of  iron  fixed  on  folid  maflles,  as  Similar  experi« 
the  bars  that  hold  together  the  ftones  of  parapets,  having  given  "^**^f^/^- 
ne  ancertain  refults,  I  fought  for  ifolated  bars  of  fufficient ^ars ofiion* 
length  to  afford  fome  certainty.  My  firft  experiment  was  made 
On  the  upper  bars  of  an  iron  railing,  31* paces  long,  ere^hsd  on 
one  of  the  walls  of  the  garden  of  the  Legiflative  Body,  acU 
joining  to  the  Place  des  Invalides.  On  flriking  one  extremity^ 
of  this  aflemblage  of  bars,  two  di(lin6t  ibunds  were  heard  at 
fhe  other  end;  that  tranfmilted  by  the  bars,  and  that  by  the 
air;  the  former  being  always  he^rd  firO.  The  fame  experi- 
ment afterwards  repeated  on  bars  of  different  lengths,  gave 
methe  fame  refult;  and  this  refult  is  fuch,  that  it  isimpoflibfe 
to  diftingnifh,  at  the  fmall  diHances  at  which  thefe  expert* 
ments  were  made,  any  difference  b^ween  the  Iranfmiflion  of 
fhe  motion  by  light,  and  that  of  the  found  by  the  folid  me« 
diom. 

Repeating  my  experiments  on  the  velocity  and  propagation  Mr;  Oflvftv» 
of  found  through  the  mafles  of  ftone  in  the  quarries  beneath  V>^^  he  heard 
Faris  in  company  with  Mr.  Gay,  this  y'^ung  chemifi  imagined ti!|"[.°y^J°^jJ^jijj. 
that  he  difiinguifhcd  two  founds  tranfmitted  through  the  air,  firrt  a  gnve, 
one  grave  and  the  other  acute,  which  rt-ached  his  ear  in  fu 5.. ^"^  •**>*• 
ceffion,  the  graver  found  appearing  to  have  the  greater  veto- 
cHj. 

This  refult,  though  contrary  to  the  theory  of  the  propagation  Mairan  and 
of  found,  according  to  which  gvdve  and  acute  founds  ought  ?'j^*"  *"**  *^*"** 
to  have  the  fame  velocity,  had  already  been  conje6iured  by  fe-fame. 
vcral  philofophers,  particularly  by  Mairan,  and  was  therefore 
worth  confirmation.     For  this  purpoic  I  ftretched  two  firings,  E»rermrnt  to 
one  of  brafs,  the  other  of  catgut,  fo  as  to  make  them  emit****^""****  *^ 
two  different  tones,  the  firfl  one  more  acute,  the  fecond  one 
more  grave ;  then  flriking  both  thcfc  firings  at  once  with  the 
wood  of  a  black  lead  pencil,  the  two  founds,  which  werecon* 
founded  together  at  firft,  appeared  to  feparate  at  the  diflance 
of  400  paces  in  a  large  gallery  of  the  ^quarries,  and  we  both 
imagined  we  could  diflinguidi  the  graver  found  firfl. 
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Probable  caufe        While  obferving  the  propagation  of  found  in  the  gallerte^» 
©^fallacy  in  thii  j  y^^^  feveral  tiroes  occafion  to  remark,  that  a  found  at  a  great 
di fiance  was  frequently  repcatedy  either  by  refledion  or  by  tho 
vibration  of  the  walls»  fo  as  to  caufe  two  difTererent  founds  la 
be  heard  and  difiinguiflied,  which  reached  the  ear  in  fucceffion^ 
As  it  was  polfible  that  the  difference  which  appeared  to  Mr. 
Gay  and  me  might  iiave  been  produced  by  the  caufe  here  men- 
tioned, X  determined  to  repeat  the  experiment  in  the  open 
air. 
Tlic  eiperiment      For  this  purpofe  I  took  two  glafs  be]1s»  the  tones  of  which 

itp^ted  In  the    ^^^^  ^  ^^  odave  and  a  fifth,  that  is,  (he  ratio  of  their  vibra*. 
open  air*  zi  -i 

lion  was  as  1  to  3.     A  hammer  was  fo  adjufied  as  to  Itrike 

both  the  bells  at  once,  and  make  them  found  at  the  iame  in- 
flant.     Carrying  this  infirument  into  the  fields,  I  endeavoured 
to  afcerlain  whether  the.  two  founds  reached  the  ear  in  unequal 
times.     Several  experiments  repeated  in  various  places,  made 
ipe  believe  a  long  time,  that  their  velocity  was  unequal ;  but 
having  obfcrved,  that  on  fome  occaHons  the  founds  reached  the 
The  double        ear  at  the  fame  time,  I  was  led  to  remark,  that  whenever  l 
SJln'^hJ^bTi  iniag'wed  I  diftinguilhed  a  difference  of  velocity,  this  differ-, 
echo.  ence  had  been  occafioned  by  a  repetition  of  the  found,  and 

that  frequently  very  trifling  obflacles,  as  trees  or  hedges,  were 
Grave  and  acute  fufficient  to  produce  this  repetition.     I  repeated  my  experi-^ 
fame  velocUy.  *  Di^nts  therefore  anew  in  the  midft  of  plains  of  greater  or  lefs 
extent,,  as  thofe  of  Montronge,  Crenelle,  St.  Denis,  &c«  and 
whenever  I  was  remote  from  any  obfiacle  capable  of  producing 
a  repetition,  both  founds  were  heard  at  the  fame  time.    With 
my  infirument  I  could  difiinguiHi  the  found  of  the  two  bells  at, 
the  difiance  of  700  paces  or  63 1  yards ;  whence  it  follows,, 
that  both  experiment  and  theory  concur  to  demonfirate,  that, 
grave  and  acute  founds  have  the  fame  velocity. 
Conclufionf  from      ^^^"^  ^^*®  experiments  related  in  this  paper  it  follows:   Ifl, 
the  experiments,  that  llie  velocity  of  found  differs  according  to  the  medium  by- 
whicli  it  is  piopagated:  2dly,  that  this  velocity  is  much  mora 
confiderablCf  when  it  is  propagated  by  folid  and  very  denfe. 
bodies,  than  when  by  aeriform  bodies,  and  of  little  denfity  : 
!id]y,  that  both  grave  and  acute  founds  have  the  fame  velocity; 
a  rcfult  to  which  theory  led  us. 


A  vcrjf 
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P&SFARING    IIVRIATE    OF    BARYTE9*  15^ 

XX. 

^  v€ry  advaniaqcow  Mode  qf  preporing  Muriate  qf  Barytes  bif 

•  iiie  Mutual  Decompojition  qf'  Ji/lphurated  Barytet  and  Muriate 

*  of  Lime.     iBjf  ATr.  Goettl inc.* 

JVIr.  DRIESSEN  of  Groningen  firft  obferved,  that  muri. Driefleo  firft 
•le  of  iiroe  and  fulphale  of  barytes  decompofe  each  other  at  a  ntlJj^  f^-Jl 
high  degree  of  heat.     Trommfilor^  verified  the  experiment  by  nariate of 
of  the  learned  Dutch  profeflbr,  and  applied  the  principle  to  ll'lJ^iJJS^JI?*  ■ 
the  preparation  of  muriate  of  barytes.     He  perceived,  how* 
erer,  that  the  whole  of  the  fulphate  of  barytes  was  not  de« 
compofed  in  this  way,  and  he  tliuught,  that  equal  parts  of  the 
two  falls  were  the  fuitahle  proportion  for  decompofing  theiti 
as  completely  as  poflTible.     Mr.  Goetlling  has  deemed  the  fub- 
jc£t  worth  farther  inquiry,  the  relult  of  which  was  the  procefs 
i  (hall  now  defcribe. 

One  part  of  native  fulphate  of  barytes  tn  fine  powder  is  to  Mr.  GoetIiog*s 
be  mixed  with  half  a  part  of  muriate  of  lime.f     This  mixture  JJ^I'i^'JIS' 
is  to  be  introduced  into  a  Heffian  crucible,  which  is  to  be  clofely  of  barytM  in  tint. 
covered,  and  brought  gradually  to  a  red  heat«     The  matter  ^*^* 
mud  be  kept  in  a  flate  of  incandefcence  a  full  half-hour,  and 
frequently  flirred.     It  h  then  to  be  poured  out  into  an  iron 
cone,  and  after  being  coarfely  powdered,  is  to  be  thrown  into 
three  parts  of  boiling  water.     The  velfcl  being  immediately 
taken  from  the  fire,  the  mixture   is  to  be  flirred  occaiionally 
with  a  glafs  fpatula,  and  the  undiffolved  matter  is  then  to  h% 
left  to  fubfide.     Tl»e  clear  liquor  being  decanted  ofT,  the  refi- 
duum  is  to  be  poured  into  a  tiller  of  linen  of  a  clofe  texture, 
and  the  fluid  lightly  prefl'ed  out.     The  refiduum  being  again 
lixiviated  with  one  part  of  water,  is  to  be  drained  as  before. 
The  liquors  are  then  to  be  mixed  together^  and  evaporated  to 
a  pellicle,  to  obtain  the  fait  by  crydallization.     In  this  way 
we  fliall  have  live-eighls  of  a  part  of  muriate  of  barytes.   The 

•  Van  Moiis'8  Journal  de  Ckimie,  Vol.  VI.  p.  92.    Abridged 
from  the  Tafcbtn-Bucbjuer  Scheidekuenjller, 

f  This  muriate  is  obtained  in  abundance  in  our  laboratoritSy  as  Muriate  of  II 
an  adventitious   product:  it  mny  I'i   procured  likewife  at  a  very     ^  ®^'^**** 
trifling  expence  by  adding  lime  to  the  mother-water  left  after  refin- 
ing common  lalt* 

mother* 
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ino(lier-wateroFthe6r(l  cryflallization,  which  t»a1rooft  wholly 
muriate  of  lime,  is  (o  be  fet  aiide  for  a  ire(h  operation,  or  for 
any  other  purpofc. 

As  the  iDfoluble  tnafs  of  fulphate  of  lime  ftill  contains  a 
large  <)uantit)p  o/  fulpbate  of  baryfes,  imieed- about  half  tiie 
original  quantity,  it  is  to  be  treated  afre(h  asabove,  with  one 
fourth  part  of  muriate  of  lime;  and  the  fame  procefs  is  (o 
be  repealed  with  an  eighth  par(  of  the  fame  fait  Thas  we 
obtain  an  addition  from  one  to  two  eighth  parts  of  muriate  of 
Tbt  fait  to  ba  barytes.  The  faits  of  the  various  cry(la!iizations  require  to  be- 
f^wi^iimZitM'  diflblved  and  re-cry ftallized  anew,  in  order  to  free  them  from 
a  littlc.muriate  of  iime,  which  adheres  to  them  in  the  firft  cry- 
fiailization. 


crjftiUlfiMiQDi 


Nitric  aci4  con* 
fHilnttad  ia  Ut 
llrft  ponions 
wlch  muriatic. 
Wbyy  according 
to  fierthoUet. 


True  rea(bn  is 
the  prefence  of 
an  exceii  of 
water. 


Coac<*ntrat1ng 
the  acid  Vn- 
fsfficient,  if 
the  proportion 
of  Ijth  irge  be 
Improp'ir,  and 
the  diftillation 
CJrriui.iOiirjr* 
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Obftrrations  on  the  Rt^ification  qf  Nitric  Acid,  by  Mr.  Stbiv« 

A  c  H  E a }  Druggifi  at  Paris.* 

It  has  long  been  knowni  that  the  drd  portions  of  nitric  acid 
diflilled  from  litharge  contain  muriatic  acid.  Berthollet  ex* 
plains  this  phenomenon  by  faying,  that  the  oxide  of  lead  di* 
viding  its  aftion  between  the  two  acids,  both  are  fubje£ted  to 
the  adlion  of  expanfibility  produced  by  the  heat.  MeiTrs, 
Welter  and  Bonjour  alTert,  that,  if  muriate  of  filver  be  em- 
ployed^ oxigenated  muriatic  acid  is  formed,  which  rifes  with 
the  firfl  portions.  If  I  may  be  allowed  to  give  the  refults  of 
my  labours  after  thofe  of  fo  many  able  chemids,  I  would  fay, 
that^  when  the  nitric  acid  has  been  fufficicntly  concentrated 
before  being  fubjec^ed  to  refllficalion  on  filver,  or  on  oxide  of 
lead,  the  firft  part  of  (he  re6lificd  acid  is  found  on  trial  to 
contain  no  muriatic  acid,  notwilhHanding  the  nitric  acid  con- 
tained much  of  it  after  its  concentration;  and  hence  I  infer, 
that  an  excefs  of  waler  is  tite  true  caufe,  that  diminifhes  the 
attradion  of  the  muriatic  add  for  the  oxide  of  lead  or  of 
filver. 

The  operator  however  would  in  vain  expert  to  focceed  by 
merely  concentrating  his  acid  before  re£)ifying  it,  if  he  ufed  a 
determinate  proportion  of  Ikharge,  or  didiiied  to  drynefs,  as 


*  Van  Moiis*s  yourmtl  it  CbhnU,  Vol.  VI.  p.  tg. 
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I  federal  aathors  dire6t.  The  quanlity  of  lilharce  muft  vary 
from  one  to  eight  fixteenlhs  of  ihe  weight  of  the  acid,  accord- 
I  inj^  to  its  degree  of  impurity.  On  the  oilier  hand,  if  diflilled 
lodrynefs^  the  latter  portions  oif  the  nitric aiid  will  carry  over 
with  them  in  folution  muriate  of  lead,  or  of  filver. 

Foar  kilogrammes  (10!b.  8oz.  16dwt.  troy)  of  nilric  acid  Mr.  Steinacher't 
of  the  fliopsy  at  35®,  containing  muriatic  acid,  and  a  very  lit- 
tle fulphuric,  are  firft  diftilled  in  a  reverberalory  furnace  in  a 
retort  placed  on  an  earthen  vefTel  filled  with  fand.     The  fir« 
mull  be  fo  regulated  that  the  drops  fuccccd  each  other  Gowly, 
and  half  the  acid  is  to  be  thus  drawn  off.     It  will  then  give' 
15^  of  Baume's  areometer.     What  remains  in  the  retort  is  to 
be  pfHired  into  a  bottle.     Its  fpecific  gravity  will  be  exprelTed; 
by  4®  of  the  areometer.     Lliharge  being  ihrown  into  it  in  fine 
powder,  and  (lirred  with  a  glafs  rod,  will  be  converted  into  a' 
white  powder  in  a  few  hours.     More  litharge  is  then   to  be' 
added  in  the  fame  manner;  and  this  is  to  be  continued,  till  the' 
litharge  retains  its  colour  after  feveral  hours  (landing.     Tlie 
muriate  and  fulphate  of  lead  are  then  to  be  left  to  fubfide  en-' 
tirely,  and  the  acid  is  to  be  decanted  oif  into  a  tubulated  glafs 
retort,  placed  on  a  fmall  earthen  plate  filled  with  fand,  in  the 
midfl  of  a  reverberatory  furnace,  all  the  parts  of  which  are 
retained  except  the  dome.     A  receiver  is  to  be  adapted,  which 
fits  dofely  without  luting;  for,  as  the  vapour  of  the  acid  eafily 
dedroys  every  kind  of  lute,  the  product  would  otherwife  be 
liable  to  become  impure;  and  the  diflillation  is  to  be  fo  con- 
du6led,  as  to  admit  a  (hort  interval  between  the  fall  of  each 
drop.     Great  caremufl  be  taken  not  to  fuffcr  the  acid  toboilj 
for  thus  it  would  be  diffipated  in  incompreliible  vapour.    The 
firfl  half  that  comes  over  marks  35®,  the  fecond  40®.     Both 
portions  are  colourlefs,  and  have  all  the  properties  of  a  very 
pare  nitric  acid,  if  y^  of  the  liquor  be  left  in  the  retort. 

If  a  flop  be  put  to  the  didillation  after  the  firfl  portion  is  fe-  Betntiful 
parated,  and  the  retort  left  to  grow  cold,  you  will  obtain  a  ^^T^'  ^ 
beautiful  cryftallization  of  muriate  of  lead  in  large  and  very  may  be  obtained 
brilliant  firiated  hexaedral  laminae.   This  fait  is  a  true  muriate,  ^!**?  *^iu4 
for  fulphuric  acid  expels  from  it  vapours  eafily  diflinguilhablb  off. 
to  be  thofe  of  the  muriatic  acid.     On  continuing  the  diflilla- 
tion,  thefe  crydals  gradually  lofe  their  regular  figure,  and  at 
)ength  fall  to  the  bottom  in  a  powdery  pre«ipitate. 

Eqfy 


]3(;'  •XIDt    OF    fBOtfBOKVBf 


XXII. 

£fl/(^  Method  qf  making  the  very  comhuftible  Oxide  of  Phojphorut^ 

By  Amicus. 

To  Mr.  NICHOLSON. 
Dear  S}r, 

OxUe  of  pbofr    X  OU  know  very  well  that  phofphorufi  united  to  a  much 
F"^'***  fmaller  proportion  of  oxigen  than  is  requifite  to  render  it  into 

the  acid  flate^  brings  it  into  the  condition  of  an  oxide  which 
feU  on  fire  fulphur,  on  jufl  rubbing  il  againfl  a  common  match. 
Bat  the  common  method  of  oxidizing  phofphorus  for  phofpho- 
ric  matchef  by  fixing  il  in  the  bottles  with  a  hot  iron,  is  trou« 
blefome  and  wadeful.  This  oxidation,  howcverj  may  be 
c^ded  with  great  facility  and  economy  by  ex  poling  a  larg^ 
proportion^  viz.ahundred  graintiof  phofphorus  in  ajar  contain- 
ing half  a  pint  meafure  of  oxy-murialic  acid^  in  which  cir« 
comflance  the  phofphorus  will  be  melted  and  fume,  but  fcarcely 
take  fire*  After  cooling,  it  muQ  be  kept  excluded  from  the 
air,  to  prevent  the  inflammation  from  mere  expofure. 

Dear  S^r,  Yours, 

AMICUS, 
May  2Qth,  1805. 
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Defcripiion  of  an  exireniely  fenfible  Micro^leStronuter.    By  Mr^ 

MARECHAUX.f 

A  piece  of  le«f   In  a  glafs  cylinder,  about  an  inch  and  half  in  diameter  and 

SVi  to  be**^*  ^^®  ^^  ^*^  inches  high;  a  piece  of  leaf  filver  is  fufpendefi  fron^ 

moTeable  in  9     a  fmiUI  pair  of  nippers,  capable  of  being  lowered  or  elevated 

|la6  cjlindor.      ^  jj,^  length  of  the  leaf  may  require.     The  piece  that  carries 

the  nippers  may  like  wife  be  moved  horizontally,  fo  that  the 

leaf  may  be  moved  at  pleafure  nearer  tp  or  further  from  a 

fphere  of  copper,  which  is  one  of  the  poles  of  the  indru* 

fnent. 

*  Tranflated  firom  Von  Mons's  Journa!  de  Cbimie,  Vol.  VI.  p, 
38.    Abridged  by  Van  Mons  from  Gilbert*s  AimaUtt  dtr  Pb)fik, 
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The  glafs  cylinder  has,  about  V'  (centimetre,  near  4  lines  Through  i  We 
Englilh  roeafure?)  iVom  the  plate  on  wlii<h  it  is  fixed,  a  fmall  ^  roicromftcr- 
liole,  through  which  patTes  the  extremity  of  a  micromuter- fcrew pafles, 
fcrew^  about  the  fize  of  a  large  goofe-quill,  and  very  care- 
fully  cut.     This  fcrew  has  fifty  threads  in  a  Rhynland  inch, 
out  very  deep,  though  very  fine.     It  is  made  of  two  pieces, 
and  nxAild  be  at  lead  three  quarters  of  an  inch  long,  to  avoid 
any  (l)ake.     The  extremity  of  this  fcrew  carries  a  little  ball, 
which  is  pot  on  after  the  fcrew  is  pafled  through  the  opening 
in  the  cylinder.     To  avoid  all  fridion  againd  the  glafs,  care 
is  taken  that  the  fcrew,  when  turned,  does  not  touch  the 
edges  of  the  cylinder.     The  fcrew  carries  a  plate  three  inchet 
and  a  half  (5.8  Englifb)  in  diameter,  which  has  360  divir' 
Ikmst  and  confequendy  divides  each  thread  of  the  fcrew  into 
as  many  parts. 

In  this  manner  we  are  enabled  to  determine  the  fphere  of  by  wbkh  the 
tdivity  of  the  two  elearicities  in  ISOOOlhs  of  a  Rhynland  ^^^^^ 
inch.     The  mounting  which  contains  the  female  fcrew  has  a  i„ch  may  be 
fmall  pillar,  which  advances  on  the  plate,  and  carries  an  in- n^u'^* 
dex,  by  which  the  degrees  are  marked  with  precifion. 

To  ufe  this  inflrument,  which  is  perfedlly  infulated  by  the  Wode  of  pre* 
glafs  plate  on  which  it  reds,  the  drd  thing  is  to  place  the  plate  ft^^ntfeniff, 
in  fuch  a  position  that  the  0  (hall  be  exa6lly  under  the  index. 
7^  adjudiug  fcrew  which  carries  the  nippers,  is  then  to  be 
moved  till  the  leaf  fiiver  is  fo  near  the  ball,  that  no  light  pafles 
between  them.  Thus  we  have  the  point  of  conta6l,  and  of  O 
for  the  fphere  of  a6tivity  of  the  two  eledlricities.  To  be  certain 
that  the  leaf  is  brought  as  clofe  as  pofldble  to  the  ball  without 
being  forced  out  of  the  vertical  direction,  the  micrometer  fcrew 
ihould  be  moved  a  turn  iirft  backward  then  forward  feverai 
times,  and  the  pofition  of  the  leaf  obferved  every  time  the 
ball  is  brought  into  conta6t  with  it.  The  indrument  being  thus 
adjudcd,  the  micrometer-fcrew  mud  be  moved  backward  one 
turn,  and  then  we  have  between  the  leaf  and  the  ball  a  didance 
of  one-fiftieth  of  an  inch,  which  may  be  fubdivided  at  pleafure 
by  means  of  the  plate ;  for  with  a  plate  near  four  inches  in 
diameter,  and  by  means  of  the  fine  needle  on  which  it  turns, 
we  may  didinguifli  half  or  even  a  quarter  of  a  degree  if 
necedary. 

An  adjudment  fixed  to  the  plate  on  which  the  cylinder  reds  Appvatus  ftr 
fcrves  to  afcerlain  whether  the  leaf  of  fiiver  be  io  fad  drawn  «fc«rtainw»«  *e 

*^  perpendicuiantj 

out  of  the  kaf.     ^ 
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ont  of  the  vertical  line  by  any  attractive  power.  This  confifls 
of  a  fine  filk  thread,  ftretched  in  the  fame  plane  a*  the  filvcr' 
leaf.  By  means  of  the  fcrew  this  thread  may  l>e  moved  both 
horizontally  and  vertically^  fo  as  to  follow  the  movements  of  the 
filver  leaf. 
Modeof  ofin^  Every  thing  beinf^  thus  arrancred,  make  a  communication 
the  uiftruoKnu  j,y  means  of  conducling  wires  between  a  (ingle  couple  of  me- 
tallic difk^,  or  one  conflituent  part  of  a  pile,  placed  on  a  plate 
nf  gfafs,  and  the  tnflruroent,  fo  that  one  of  the  metals  fhall 
communicate  with  the  top  of  the  inflrument,  and  the  other 
with  the  bottom.  Then  by  means  of  a  glafs  handle  fitted  to  it 
move  the  plate  (lowly  from  one  degree  to  another,  and  yoa- 
witl  find  the  leaf  touch  the  ball  with  ordinary  elc^ricityy  when 
it  is  60^  or  80**  of  the  micrometer  fcrew  from  the  vertical  plane, 
in  which  the  leaf  (ilver  re(ied  before  its  ccmmunication  witb 
the  metallic  ditks.  This  diftanoe  increafes  for  every  pair  of 
dilks  added;  and  as  the  ball  remains  fixed  at  the  point  to  which 
the  fcrew  has  carried  it,  the  motion  of  the  inftrument  may  be 
obferved  with  great  accuracy. 
Its  eztTtme  (tn-  This  indrument  is  (b  fenfihle,  (hat,  if  a  (lender  glafii  tube 
^^*f*  be  rubbed  but  twice,  and  brought  near  the  apparatus,  though 

feveral  inches  from  its  fummit,  it  palTes  through  the  whole 
extent  of  its  fcale.  It  is  for  this  reafon  the  inventor  calls  it 
a  micro-eU^romcterf  becaufe  we  can  meafure  only  very  weak 
degiees  of  electricity  with  it. 


XXIV. 

ARion  (^   Thofphorus  on  the  Solutions  of  Metals,     By  Mr. 

SciINAUBERT  *. 

Mifptioms  eb-  ^^AGEf  had  already  obferved,  that  phofphorus  precipitates 
fcvcd  to  P'"'-  the  fulphates  of  copper  and  of  manganefe.  After  him 
0t^,  I'tcmanny  Ilfcmann  %  obtained  a  crydalltzation  of  (ilver  in  the  humid 
«n4  MiS.  Ful-     ^.j^y  by  means  of  phophorus.     Still  more  recently  Mrs.  Ful- 

•  Van  Mons's  Joumml  de  Cbimu,  Vol.  VI.  p.  95.    Abridged 
from  Goettling*»  Chcmifcbes  Tafcbcnhucb, 

f  Aualjfe  ckiutique  et  CMcordanct  dcs  trots  Regnei. 
X  CrelPfi  Cbepi'tfcbe  4nnalnit  17S9|  Tom.  II.  p.  323. 

2  hame 
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kame*  publlflied  cxpcrimenls  on  ihe  redudtion  offome  roclals 
b/ phofphorus  dirtblved  in  efhcr.'      Lafily,  Mr.    Schnaubert  Schnauberfi 
baa  ttnderuken  a  new  inveftigatioo  of  the  fubjed,  ihe  prin-**^'^™^"* 
cipil  rdulU  ef  which  sre  as  follows : 

Cold. 

Two  little  bits  of  phofphoruK  were  put  into  a  nitro-muritticCoM  completdf 
fbbtioo  of  gold  diluted  wiih  a  fmall  portion  of  water.     At  l*»«*jniCftii!  b* 
apiakCion  of  twenty-four  hours  the  folution  was  completely ^haTphoros. 
cekmrlefft^  and  pellicles  of  the  colour  of  metallic  gold  fwmn* 
on  the  forface  of  the  liquid.     The  phofphorus  itfelf  wa<  co* 
vered  with  a  deep  brown  coating,  and  in  this  was  ohfervablo  '^ 

in  feveral  places  thin  layers  of  reduced  gold.  At  the  placo 
where  the  phofphorus  was  a  black  circle  was  perceived. 
Tke  iulation  thus  treated  by  phofpliorus^  had  not  a  fuiglc 
atom  of  gold  left  in  it. 

ft 

Silver, 

I 

Some  phofphorus,  which  was  left  for  twenty-four  hours  in  Siiver  pvccrpi* 
a  nitric  folution  of  filver  diluted  by  water,  was  completely  ^^*'''**'"^ 
covered  with  metallic  filver  in  the  form  of  dendrites,  the  ra- 
mifications of  which  were  diredled  upwards.     During  ehulli-^***'^  l****^"! 
tion  this  remarkable  cryflallization  of  filver,  which  made  thep^^fej,„fy, 
phofphorus  appear  as  if  garnifbed  with  points,  affumed  firfl  a 
white  colour,  and  afterward  formed  a  light  black  maf<,  which 
at  length  became  of  a  lig!it  brown  colour. 

SuLckftlvfr. 

Mercury  diflolved  in  nitric  acid  is  precipitated  on  the  phof-  Mercury  pred- 
phorus  in  the  foroi  of  little  metallic  globules,  which  cover  it  ^uies 
entirely.     By  heating  to  ebullition  the  mercurial  globules  dif-  which  heat  con- 
appear,  and  a  black  mafs  without  an)  metallic  luftre  is  Ibrmed.^^"^*"*'^' 

Lead. 
At  the  ordinary  temperature  phofphorus  did  not  aft  on  thet.ea<J  not  re- 
nitric  folution  of  lead,  though  the  digeftion  was  continued  f"' i^jiin/hcat!*^ * 
feveral  days :  at  a  boiling  heat  however  a  change  was  ob- 
ferved  in  the  phofphorus,  which  was  covered  with  a  grey 
colour  (lightly  metallic* 

*  Eilay  on  Combuftion,  Sec. 

Copper,. 
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1 

Copper. 

Cppperpo'ww-        No  metaUic  ibiiition  was  more  ftrongly  altacked  by  phoT- 

My  aaedoo.     pi^^^y^  ^^^^  ^^^^  ^^  copper  in  nitric  acid.     The  phofphoru* 

was  DO  fooner  introduced  into  the  Colution  of  copper,  than  it 

affamed  a  black  colour.     In  twenty -four  hours  it  was  covered 

wkh  a  Aratuin  of  metallic  copper  in  very  thin  layers  *';   and 

the  foktion  had  become  much  paler.     The  application  of  heat 

caofed  drops  of  phofphoru^  to  flow  out  upon  the  reduced 

copper,   where   they   immediately  affnmed   a  black   co1oar» 

Thefe  drops  after  a  time  were  in  their  turn  covered  with  m 

Oamplrtely  pre-  metallic  coat  of  cop(>er.     After  this  the  folution  was  perfe6lly 

tlL^folttiioBr     «oJ«urle^»»  «^nd  ammonia  did  not  deledl  in  it  the  leaft  par* 

ticle  of  metal* 

Tin. 

Tin  p«Ttly  le-  Several  bits  of  phofphorus  were  put  into  a  folution  of  tin 
^^^^rtSTiwo    '^^  ^^^^o  muriatic  acid.     The  next  day  the  phofphorus  was 

fhoTylMire.  coloured  of  a  deep  brown,  only  in  fome  parts  a  metallic  co- 
lour was  obfervable.  Thefe  metallic  fpols  difappeared  on 
boiling,  and  the  phofphorus  became  ilill  deeper  coloured. 

Salphftte  of  cop-  *  In  making  this  experiment  with  a  (blution  of  fulphate  of  cop- 
^tonnsabeao-pei-^  ^n^  (lightly  heating  the  mixture,  at  firft  a  vapour  arifes,  coa- 
experunen  .  ^^j^^g  ^^  phofphorus  gas,  that  carries  off  with  it  fome  fmall  particles 
The  pboiphorusof  phofphorus,  which  take  fire  on  the  furface  of  the  folution  :  but 
enveloped  in  a  |hc  extrication  of  this  vapour  foon  ceafes,  and  the  phofphorus  be- 
larlv  malleable'  comes  hermetically  enclofed  in  a  box  of  copper,  in  which  it  is  de- 
copper  iropervi-  fended  againft  any  farther  aflion  of  the  fulphate,  and  even  of  the 
«M  CO  air*  air,  to  whatever  temperature  fliort  of  fiifing  the  copper  it  be  after- 

wards expofed.  The  plate  of  copper  that  forms  this  covering  is 
two  or  three  lines  thick :  it  \Hiffcffts  more  tenacity  than  common 
copper,  for  it  may  be  flattined  with  a. hammer  in  different  direc- 
tions without  cracking,  which  at  the  fame  time  proves  the  great 
compreflibility  of  the  phofphorus ;  and  it  (hines  with  a  very  pure 
metallic  luftre.  On  opening  the  box  carefully  with  a  cutting  in- 
ilpumenty  the  phofphorus  is  found  in  it  retaining  perfc^ly  its  form» 
filling  its  copper  cafe  completely,  and  not  appearing  even  to  have 
a£led  upon  the  fulphate. 
Other  metals  did  I  did  not  obtain  the  fame  rffe^^  with  fcveral  other  metals  which  I 
'jffla^^**"  ^*'  tried,  no  doubt  on  account  of  their  containing  more  oxigcn. 

VAN   MONS, 
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Some  bits  of  phofphorus  were  put  into  a  fulphuric  folutioo  M«ngtiiefe  i«. 
of  manganefe.    Tbe  next  day  the  phofpborus  was  of  a  deep  ^ 

brown  colour,  and  on  ils  furfacc  was  perceivable  a  pleating 
oixlure  of  colours,  owing  to  tlie  reduced  roetaL  Tbe  mix- 
tare  was  then  bealed  to  ebullition,  and  after  it  had  growM 
cold,  the  manganefe  was  found  reduced  in  the  form  of  little 
ladiaiing  lines  on  the  fufed  phofphorus,  intermixed  with  # 
few  fmaJl  globules  of  the  while  colour  of  tin. 

In  thete  experiments  we  may  obferve,  that  the  phofphorus,  Cenenl 
bedde  deoxidating  the  metals,  united  with  tbe  metals  when   ^*°'* 
reduced  to  form  phofphures,  as  was  evident  in  the  folutiont 
of  lilverj,  mercuryi  and  tin. 


XXV. 

Account  of  a  new  Pyrometer^  xvhich  is  capable  qf  indicating 
Degrees  of  Heat  qf  a  furnace.  By  Mr,  J.  G.  Schmidt, 
of  Yajpty,  in  Moldavia.     From  the  Author, 

ArV  ITHOUT  entering  into  any  detail  concerning  the  Tub- Pyrometrical 
ftances  beft  calculated  for  pjrometrical  enquiries,   I  flatter  "*^"**** 
Qjyfelf  that  it  will  be  admitted  that  thofe  mud  receive  the  pre- 
ference which  are  capable  of  regularly  contrading  or  expand- 
ing, without  altering  their  chemical,  propecties,   whea  fub* 
jeded  to  elevated  temperatures. 

Tbe  permanently  eladic  aeriform  fluids  appear  to  me  to  be  Gafei  are  the 
fuperior  in  thofe  refpe^ls  to  any  other  bodies.  r*^  '^  ftro^ 

I^t  atmofpheric  air  be  freed  from  moiHure  by  cauHic  alkalis,  Atowfpheik  air' 

or  other  bodies,  and  included  in  a  velfel  of  platina.     This  ***  V*^  *^ 

platioa* 
veOel  A  (fig.  3»  PI.  VL),  which  may  be  made  of  any  con- 
venient lize,  is  connected  with  the  tube  B  B,  of  as  fine  a  bore 
as  poflible.  This  tube  is  alfn  made  of  platina,  and  reaches 
into  a  veffel  C»  which  is  filled  with  water  up  to  «^,  and 
into  this  the  tube  is  fixed  air-tight.  Out  of  the  veflel  C  rifes 
a  glafs  cylinder  G  hermetically  fealed,  including  a  therrao- 
meter»  and  a  graduated  tube  F  F  is  fecured  into  the  veffel  C 
JA -a  limilar  manner. 

Thift 
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Ufe  and  appDo-  Xhi$  is  the  whole  conftru6lion  of  my  pyrometer.  To  make 
ufe  of  it  nothing  more  is  neceflfary  than  to  introduce  the  pJa- 
tina  veflTel  A  into  the  furnace  the  temperature  of  which  is  to 
be  learned.  The  moment  the  included  air  is-adled  upon  by 
the  heat  it  expands,  and  expels  the  water  up  into  the  grad«- 
ated  tube  F  F.  This  rife  will  take  place  accordingly  as  heat 
increafes.  If  care  be  taken  that  the  air  be  cooled  in  the  veflfel 
'C  as  much  as  poflible  (which  will  be  the  cafe  from  the  large 
furface  of  water  to  which  it  is  expofed),  it  is  obvious  tYiat  a 
volume  of  water  equal  (o  the  volume  ot'  air  in  the  veflels  of 
platina,  can  never  pafs  up  into  the  tube.  The  refrigeration 
may  be  facilitated  by  the  application  of  vaporizable  fluids* 
4\ich  as  el  her,  alcohol,  &c. 

If  the  degree  of  temperature  bo  obtained  which  the  air  had 
belbre  it  was  fubjeclcd  to  the  experiment,  and  a  proper  af- 
fowance  be  made  for  the  prelFure  of  the  water  in  FF,  the 
true  expanfion  of  the  air  may  ihus  be  found,  and  compared 
with  the  refpeclive  temperatures* 


XXVI. 

New,  a{/j/,  and  economical  Method  offeparating  Copper  from 

Silver,     jpy  J/r.  Goettlinc  *. 

Swiphunc acid       A  HERE  are  four  methods  of  feparating  copper  from  filve^ 
«^d  inftcad  of     ^,  ^j.  ^^-^         J     ^j^^.   jj  ^^  (liflolved  in  nitric  acid.     A$ 

B I  cr  icon  account      ,  *  •' 

of  cbeapacls,  this  acid  IS  very  dear,  Mr.  Gfotthng  thought  of  ufing  Uie  fuU 
phuric  in  its  ilead,  which  is  comparatively  very  cheap.     Hia 

and  with  ftrh€t  fuccefs  perfectly  equalled  his  expectation,  and  the  foltowing  is 

^"^«^-  his  method  : 

Defcr'tptiAn  of         Having  afccrtained  by  the  touch  (lone,  or  in  any  other  way^ 

the  pfoceti.  jf^  proportion  of  ttlver  contained  in  the  alloy,  take  one  part 
of  fulphuric  acid  for  every  part  of  iilver,  and  for  every  partoE 
copper  three  parts  and  three-iiflh«5  of  a  part  of  the  fame  acid» 
Dilute  the  acid  with  half  its  weight  of  water,  and  pour  it  into 
a  matrafs  on  the  alloy  reduced  to  very  fmall  pieces.     In  order 

•  Tranflated  from  Van  Mons's  Journal  de  Cbimie,  Vol.  VL 
p.  77.  Originally  publifh^d  in  the  Tafcbett-Buck  fucr  Scbttdeku'^ 
tnfiler^  and  abridged  by  Van  Mons. 

to 
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to  promote  the  adlion  of  the  acid,  it  is  of  ufe  to  put  one  part 
more  to  every  Sixteen  parts  of  the  alloy.  The  matfafs  is  then 
to  be  placed  in  a  fand-heat,  and  the  acid  brought  to  a  Hate  of 
ebullition*  In  two  or  three  hours  time  the  alloy  is  commonly  dif* 
united  and  converted  intofulphate,  particularly  if  care  betaken  to 
iKrthe  mafs  from  time  to  time  with  a  glafs  fpatuia.  This  raafs 
b  thick,  and  frequently  hard.  While  it  is  flill  hot,  fix  or  eight 
times  its  weight  of  boiling  water  is  to  be  added  to  it,  and  it  is 
to  be  left  fome  time  longer  on  the  fire.  The  fulphate  of  copper 
mil  be  difiblved,  and  great  part  of  the  fulphate  of  filvcr  vvili  be 
precipitated.  The  operator  will  now  examine  whether  the 
whole  be  completely  diirolved ;  and  if  it  be^  a  plate  of  copper, 
or  fome  pieces  of  copper  or  halfpence  tied  up  loofjly  in  a  piece 
of  coarfe  linen,  mail  be  Rifpendcd  in  the  mixture,  and  the 
whole  kept  boiling  for  fome  hour;;.  The  fulphate  of  filver 
will  thas  be  decompofed,  and  the  filver  feparated  in  the  me- 
tallic date. 

To  afcertain  whether  the  feparation  be  complete,  a  fewM*|eof  afccr- 
drops  of  folution  of  muriate  of  foda  are  to  be  dropped  into  a  |hc*"c?jn^*^*^ 
little  of  the  lio^nor.     If  a  cheefelike  precipitate  be  formed,  it  complete. 
i«  a  proof,  that  all  the  filver  is  not  feparated,  and  in  this  cafe 
the  ebullition  with  the  copper  muft  be  continued  longer.    After 
the  whole  of  the  filver  is  feparated,  the  liquor  is  to  be  poured 
off,  the  precipitated  filver  is  to  be  well  walhed,  and  the  entire 
feparation  of  the  cuprous  fait  is  to  be  afcertained  by  the  addition 
of  a  few  drops  of  liquid  ammonia  to  the  water  with  which  the 
precipitate  ha:f  been  wafhed,  which,  if  it  contain  any  copper, 
will  be  rendered  blue  by  the  ammonia.     After  the  filv^^r  l$MzyhtUtptm 
thoroughly  freed  from  the  fulphate  of  copper,  it  may  be  kept  S^tlffij^j;^^^^ 
10  the  ftate  of  powder  as  it  is«  or  it  may  be  fufod  with  a  fourth  pouih. 
or  at  mod  half  its  weight  of  fulphate  of  polafli. 

The  water  poured  off  is  then  to  be  mixed  with  what  was  Blue  vitriol  ob» 
a(ed  for  waQiing  the  precipitate,  and  evaporated  in  a  ^opp'^-'rlhc^^a^Ji*!!^ 
pan,  fo  as  to  obtain  the  fulphate  of  copper  by  crvfialiization.  acid. 
The  blue  vitriol  thus  produced  will  be  at  leafi  equal  in  value  to 
the  fulphuric  acid  employed. 

If  any  parts  of  the  alloy  remained  undiffolved,  it  (houlvl  UndifTolvcd  a1fc»y 
be    feparated    by   decantation,   and    refcrved    for   a    future  ^*  ^  ^"^^  ^^* 
operation. 
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SCIENTIFIC    NEU^.  •      - 

r.xiraci  of  a  Jitter  from  BRUGifATBLLi,  deMtferM^^^Slr 
Hon-aifieiux  qf  the  charged  Pik  *• 

V  OLTA  has  made  many  experimeots  on  piles  compoTed  of 

a  (ingle  metal,  and  a  fingic  wet  firalum^  which^  froqi  being 

inaclive  by  thumlelve^^  become  mere  or  leb  adive  after  at- 

fording  a  palTagc  for  a  longer  or  Qiorter  fpace  of  liiae  to  an 

electric  current  fet  in  motion  by  a^live  pile,  &c« 

Jtltter aflerted         Kitter,  ())c  mo(t  judicious  of  ihc  galvanic  philoHiphers  oi 

thit  a  pile  com-  Germany,  has  alFcrted,  as  V^olta  lays,  that  ihe  aflive  pile, 

poCtdofone       ^^  common  eledlromelcr,  iranCniits  a  real  charge  lo  the  pile 
Ituidy  and  one  ^  ^  '  . 

Bicul»  was  capa-  that  iii  ilfelf  inactive,  which  it  (hLTcfore  calls  Uie  diarged pile, 

kteotf  being        Volla  however   has  convinced   himlelf,    that  DO  cbar;;c  is 

odier  pi1e>  tranfmiUed,  but,  by  virtue  ol'  (he  ordinary  cfaemicai  action, 

but  Che  fad  is»  the  elcQric  current  being  contmued,  change*  the  lingle  wet 

Lnivcrn:d  ?'u3    Awlum  interpofcd  between  two  pieces  of  gold,  for  example^ 

twod-ff^rent      into  two  different  fluids,   one  acid,    by  which  the  electric 

S^a      urient.  current  ifTue-;  oui   oi  llie  metal,  and  the  other  alcaline,   by 

which  it  enters;  wliich  conilitutes  a  pile  of  the  fecond  order, 

namely,  of  one  iiivjtal  and  two  fluids  of  different  natures,  the 

a£lion  of  which  iiuwever  does  not  continue  long,  bccaufc  the 

fluids  foon  mix. 

„■       .  ,  Mr.  GREGORY  of  the  Royal  Military  Academy,  WooL 

work  by  Mr.      wicu,  bas  now  m  llie  prets  a  Treatile  on  Mecbuiict^  wbicit 
Grciiprjr.  is  intended  to  be  publidied  in  two  volumes  oflavo.    The  lirit 

will  be  devoted  chiefly  to  the  theory,  and  will  be  divided  into 
five  books  under  the  fcveral  beadi  of  fiatics,  dynamics,  hy- 
droflatics,  hydrodynamics,  and  pneumatics.  The  fecond 
volume  will  be  chiefly  appropriated  to  practical  and  defcriptive 
fubjeds,  and  will  commence  with  general  remarks,  rutes^ 
and  tables,  relative  to  the  nature,  conftruflion,  and  fimplifi- 
cation  of  machinery;  the  eflTefis  of  friftion,  and  the  rigidity 
of  cords ;  and  efii mates  of  the  varied  energy  of  different 
firft  movers,  &c.  Tliefe  will  be  followed  by  dcfcriptions 
arranged  ll) phabetirally,  of  aboiit  lOO  of  the  moil  curious^ 
nfefii),  and  important  machines.  In  this  latter  part,  Mr. 
Gregory  has  ben  promifed  communicafions  from  fome 
celebrated  civil  engineers,  fo  that  he  hopes,  on  tbe  whoFe, 
to  render  the  work  in  fome  meaCure  deferving  the  attention  of 
thofe  who  are  engaged  in  the  cultivation  and  improvement 
either  of  the  theory  or  the  pra6lice  of  mechanics. 

*  Van  Mom  Jaurnal  d$  Chimu  Vol.  VI.  v*  v:^a. 
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ARTICLE    I. 

Bcmarks  on  the  Efiimation  qf  the  Strength  of  Horfis,  In  a  Lei* 
terfrom  Mr,  O.  Grbgo&Tj  qf  the  Royal  Military  Aca4€my^ 
Wochmch. 

To  Mr.  NICHOLSON, 
SIR. 

X  HE  remarks  of  year  ingentoas  correfpondenty  Mr.  Horn^  Reference  to 
blower,  on  the  vmrious  eftimates  of  the  Pmver  qf  a  Harfi,  nnd  **'•  "%"^^* 
ihe  abfurdky  of  adopting  a  quantity  fo  fluduating  and  To  dir*h«re  powers, 
ficttlt  to  aicertain,  as  a  common  meafure  by  which  the  powers 
and  effe^ls  of  ileam  engines  and  other  machines  are  to  be  efti- 
mated  and  compared^  have  induced  me  to  throw  together  a 
few  obfervalions  on  the  fame  fubjeds;  (be  theoretic  part  of 
which,  though  familiar  to  mod  men  of  faience,  feems  not  to 
be  always  known,  or  at  lead  recoHeAed,  by  fome  perfons  who 
are  employed  in  ihe  pradice;  and  which  are  altogether  muck 
at  your  fervice  for  iofertion  in  the  Journal,  if  you  think  tLem 
Jikely  to  be  of  any  utility.  * 

Dr.  Defagufiers  has  given  another  efiimafe  of  the  labour  of'^t^imitt  of 
atiorfe,  befide  that  mentioned  by  Mr.  Hornblower,  and  which  ^,tg^[  ^^ 
mdeed  does  not  feera  very  confident  with  it ;  for  in  vol.  II.  p.  xoolb  cigh? 
251 .  of  his  Experimental  Philofophy,  he  affirms  that  a  horfe  in  ^**"V  ^tr  ^^^* 

Vol.  XL— JvLY,  1805.  L  aiWwui  s « -i^^i* 
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an  advantageous  fituation^  is  able  to  draw  SOOtbs.  eight  houff 
a  day»  walking  at  the  rate  of  2^  miles  in  an  hour»  or  S|  feel 
in  a  fecond.     This  (latement  of  tlie  power  of  a  borfe,  though 
it  is  not  fo  great  as  that  wlich  is  arbitrarily  afliiiii#d  by  Mefiirs. 
Bouhon  and  Watt,  exceeds  the  determination  of  M.  Sauveur, 
who  eflimates  the  mean  effort  of  a  horfeat  175  French^  or  189 
avoirdupois  lbs.  with  a  velocity  of  rather  more  than  three  feet 
per  fecond  j  and  it  probably  exceeds  Mr.  Sneaton's  fiatement 
of  550lbs.  moved  40  feet  in  a  minu(e ;   though,  as  will  foon  be 
feen,  we  are  not  furnidied  with  proper  data  to  indilute  a  com- 
parifon  between  thefe  various  refults.     It  is  probable,  how« 
ever,  as  obi'erved  by  the  ingenious  contribator  of  the  article  at 
page  216,  vol.  IX.  yf  your  Journal,  that  ''  the  loweft  of  thefe 
*'  performances  it  more  than  equal  to  the  average  power  of  a 
*'  horfe  employed  in  huibandry  for  eight  hours  per  day,''    So 
—by  the  «*i^  far  as  my  own  obfervalions  on  this  point  extend,  I  am  inclined 
iftMecood«         ^^  conclude  that  the  average  work  of  a  (lout  London  cart 
horfe»  for  eight  hours  in  a  day/is  little  if  any  more  than  ISOlbs. 
moved  at  the  rate  of  three  leet  in  a  fecond,  or  2^  miles  per 
fiour.     But  this  it  would  be  ridiculous  to  affume  pofitively  as  a 
univerfal  unit  of  meafure,  in  a 'cafe  where  the  caufes  of  vari* 
cty  are  fo  numerous,  and  my  opportunities  of  experiment  com> 
piiratively  few.    Tbeeftimate  jufl^iven,  it  (hould  beobferved, 
is  not  intended  to  exprefs  what  a  horfe  can  draw  upon  a  wheel 
carriage,  where  frid^ion  alone  is  to  be  overcome,  after  the  load 
is  once  put  into  motion,  and  where  a  horfe  will  often  draw 
much  more  than  lOOOlbs.  but  the  weight  which  a  horfe  would 
.    raife  out  of  a  well,  &c.  the  animal  ading  by  a  horraontal  line 
of  trafiion  turned  into  the  vertical  dire6lion  by  a  iimple  piilly 
or  rolleri  whofe  fri6tion  is  reduced  as  inoch  a»  poflible.* 
MifappUcation        Before  we  can  inflituteany  comparifon  between  the  refults 
■ri&dpte  ^t     ^^  different  experiments,  it  will  always  be  neceffary  to  enquire 
pin  in  power  is  what  madnne  wai  interpofed  between  the  weight  moved  and 
kfis  in  tune.       ^j^^  animal,  m  each  cafe,  that  we  may  thence  deduce  Ihe  real 
velocity  with  which  the  animal  moved,  from  the  velocity  of 
the  weight  or  load  given  by  the  cbfervations.    Thbis  too  fre- 

*  The  late  Mr.  More,  Sec.  to  the  Society  of  Arts,  foaud  by  thf 
laterpofition  of  a  graduated  fpring  inftrument  between  the  hovfe 
aqd  his  work,  that  the  re-a6lion  was  between  70  and  80lb.  when 
the  velocity  was  three  miles  in  an  hour.  I  think  the  work  wis 
ploofhing.    See  Philof.  Journal,  quarto.  Vol.  UL  136.         N. 
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qnenlljr  omitted  in  cunffqucnce  of  aa  implicit  reliance  upon  a 
Mucim,  which,  though  highly  iifeful  under  proper  reftriflions, 
b  far  fram  imiverfal  in  it;  application.  In  the  cafe  before  us, 
)f  weadiait  tlie  maxim  now  alluded  lo,  namely,  that  ttkaf  it 
ftaatd  in  po'^n  ii  lofi  in  liiae,  with  regard  to  the  roachiiie 
through  whofe  intervention  the  velocity  of  the  weight  »  ren- 
deiad  di&renl  from  that  of  the  horfe,  it  would  be  unfate  to 
sdapt  it  in  ibe  appreciation  at  tlie  varied  enerjfy  of  the  ani. 
mal  when  moving  with  dilTereiil  velociuci.     The  reafon  of  '| 

Ihii  ii  oliwioui.  The  energy  of  the  hoffe  ii  obliged  to  be  em- A"  horft,  hvfy 
ployed  not  only  in  overcoming  ihe  weight  or  refiflance  which^^  j^,  ^ 
oppufe:!  his  prt^/L-fi,  but  in  part  in  moving /iini/ct^;  for  theeierihiifaru 
particlei  which  nonfjilule  hi.  IVame  poJTefs  weight  and  inertia,^'"* '^"~* 
and  ihetefore  cannot  be  put  inio  molion  without  effbri.  Hence 
it  follows  iliat  there  i^a  cenain  velocity,  which  may  be  de- 
noted by  U,  with  which,  when  the  animal  moves,  his  whole 
power  will  be  employed  in  producing  his  own  motion  folcly, 
without  being  able  to  move  any  ulher  body.  If  a  body  wholi: 
n»f«  in  M  be  allached  to  Ihe  horfe,  fi>  that  he  cannot  move 
wtlhout  giving  an  ctjiial  velocity  to  the  extraneous  body,  the 
fame  effort  being  employed  buth  in  moving  the  animal  and  Ihe 
mafs  alUChed;  Ihe  velocity  V,  with  which  they  move  muft 
neceRarily  be  lefs.  And  If  M  be  farther  increafed  while  ihe 
Weight  and  energy  of  the  hoifc  continue  the  famC)  Ihe  velo- 
cily  Vwill  be  (lill  farther  dlminirhed;  and  thu%  at  M  in- 
crcafei  V  will  diminilli,  umil  when  M  arrives  at  a  certain 
tiMgniiude,  W,  il»e  animal  is  unable  to  make  any  progreffive 
notion,  and  exerts  bis  fbrco  at  what  is  called  a  dead  pull,  if 
M  CKceeds  W.  then  will  V  become  negative,  and  inlie«H  of 
theaniiDal  advancing  with  the  load,  the  load  will  compel  him 
t0  noT«  backwards  and  no  ufeful  work  can  be  accompli  Hied. 

Now  theftt  ciicumDances  may  be  cxprelTed  algebraically,  Methad  dTcomI 

n  pudn*  tbccAw 

bj- the  general  formula  M  «  (U  — V)  ,  in  which  the  exponent  of  boifo.       » 

n  can  only  be  determined  by  means  of  Judicious  and  numerous  "I 

experiments,  where  the  magnitude  of  M  (hould  be afcertitined  , 

for  many  variable  values  of  V  between  the  terms  V=U,  and  J 

V=o.     From  this  theorem,  following  the  common  rules  for  I 

the  maxima  and  minima  of  quantities,  it  may  readily  be  found  | 
titat  in  order  to  have  the  uj'efal  work  done  thegreatfft  polfible, 

weauft  incteafc  or  dccrcsfe  the  weight  till  V  becomes  ^ »  '  •* 
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mIicii  liis  pcilbrniance  will  be  dirnolcd  by  _ 


n+I 


xWU 


And  if  tlie  val. 
peri  men  I  alt  V,  \ 
by  a  fmall 
thitre  qua  n  I  ill 


{"+1) 

of  V  thus  cxliibited  be  once  afcertained  ex- 
need  never  be  apprelienfive  of  a  mxteiial  lof* 
I'nrni  il !  fur  by  a  well  known  property  of 
pfopcr  maxin* 


mum,  A  value  affiimed  at  a  mciderale  rfiftance  frnm  either  of 
thcfe  e>;treme*  will  produce  no  fenltble  change  in  Ibe  vfTvci. 

Iti  fome  of  the  aAion*  of  men,  fuch  ai  dragging  a  bnat  along 
«  canal,  8:c.  Ihe  value  of  n  in  the  preceding  theorems  ba» 
been  found  lo  be  nearly  =  2.  And  the  draught  of  hnrfes  U 
conrormablc  fn  a  law  not  widely  different.  The  bed  expcri- 
iticnls  whicli  Have  jet  b«wn  made  on  Ihis  point  with  regard  lo 
ho'rfes  drawing  in  nearly  rectilinear  palhi,  lead  as  lo  concluile 
tlialnislhcn  very  nearly  =J,  in  the  e-ipie(Eon  M  cc  [U  — V) 
AlTuming  iterefore  Ibr  the  utmofl  walking  velocity  of  a  horfe, 
the  value  U  =9  leet  per  fecond,  a  value  which  ii  quilti  high 
enoiiKh,  any  propofed  cftimales  of  llie  Hrength  of  lhi«  anluat 
may  be  compared  wilb  lacilily.  Thu;,  for  example,  let  ut 
enquire  which  is  greater,  ihe  eflimate  of  Mr.  More  {men- 
IJoned  by  Mr,  Hurnblower)  of  POlbs.  three  miles  per  hour,  or 
4|  feet  per  fecond;  orlhal  of  I30lbs.  moved  at  llie  talc  of 
three  feet  per  fecond  P  Here  we  Dial  I  have 

19-3)^  :  (S-i'l)^  :  !  130  :  71|lbt.  nearly. 
The  operation  may  eafiiy  be  peifonned  by  means  of  a  table  of 
lcg&rilhm<t,and  lliews  that  the  mean  eflinale  I  have  laid  down, 
when  reduced  to  tite  lame  velocity  as  that  by  Mr.  Moore,  fur- 
nilllet  a  tel'ull  Icfs  than  his  by  3|Ib'<.  Wliidi  of  ihefe  is  the 
aioH  accursle  can  only  be  determined  by  future  experiments. 

1*,  however,  either  of  thefe  eftrmales  Ihould  be  adopted, 
~  it  may  be  proper  In  remark  that  they  would  not  hold  with  re- 
gard to  the  power  of  hor fes  working  in  circubr  paths ;  yet,  if 
it  he  at  all  proper  to  ufe  horfc  piyjjert  in  eliimating  the  energy 
of  machines,  it  feeros  molt  natural  to  take  tbefe  powers  as  ex- 
erted by  Ihe  animal  In  a  round  nalk  ;  Id  that  it  is  Hill  necelTary 
lo  have  a  f.:riei  of  ex  peri  in  en  Is  lo  delcrmioe  the  values  of  b, 
and  the  relation  of  M  and  V  when  liorfes  draw  in  circular 
walks  of  dil^erenl  radii.  I  fay,  of  dlffcrcnl  radii,  becaufe  it  is 
certain  thai  enUikjianbus,  the  greater  the  radiusof  llie  circle 
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tirwiioredrciniirerence the  animal  mom,  (he  left  fatigirt  nill 
Im  (Mcsfioned  by  (hat  tiind  nf  (notion.  Indeed  it  19  obvinut, 
Unu  Jioce  a  re^linear  modun  i«  llic  molt  ear^  and  natural  Tor 
Uw  horf«,  iho  left  ihc  line  in  whidi  Iw  movei  it  curved,  niili 
thepcw«r  bcility  he  will  walk  orcr  it,  and  llie  leU  he  need 
rvcline  from  the  veriii-al  podiion.  Belides  this,  with  eqtml 
velooty  at  the  drcumrcrciKe,  the  cenlrirugal  force  will  be 
lefi  in  (he  greater  circle,  which  will  propoftiotiallj  ditninifli 
the  ftiflion  of  the  cylindrical  pan  of  the  ttiimii.»ns.  and  the 
labour  of  moving  the  machine.  And  farther,  the  greater  the 
raJiuj  of  the  hoife-walb,  the  nearer  the  choril  of  the  circle  in 
which  Ihe  horle  drawi  ii  to  coincidence  with  the  tanj^ent, 
which  h  (he  mod  advantageous  poiltton  oflhe  line  of  traction. 
Hence  k  followt,  that  although  a  baxfe  may  draw  in  a  walk  Tlie  Iitect 
of  I<  feet  diameter,  yet  hu  will  work  with  Jar  greater  eafe  ji 
one  whufe  diameter  ii  35  or  40  feet ;  and  it  ii  very  defirtabli 
ihal  an  cxperime-nlal  enquirv  fiiojld  be  made  to  aicetiain  ihi 
proportion  and  abfolule  (|Uantily  of  work  in  dilTereot  circlet 

I  an  of  opinion  that  it  would  not  be  dilficuh  10  make  iomtUtla''?\'uuii>ti 
ufvfdl  «kperimenls,  while  work  wa»  aflually  c-arrying  00  al  "'"'""j*'' *^ 
any  horfe  mill,  or  machine  where  iiorfe*  are  conltrnined  to  m«fuiing  the 
more  tn  scircular  walk.  The  fimple  drawing  which  occocn- "=-'^""' """'' 
paivies  this  letter  will  aliifl  in  conveying  a  clear  idea  of  the 
method  which  I  fancy  might  be  advantageoufly  adopted. 
Let  AB  fig.  1.  Piatt  \.  be  the  vertical  Ihaft  lu  which  the 
horizontal  horfe  polos  AC,  AD.  are  aitached.  Let  one  borre 
wwk  the  machine  by  drawing  at  the  ear  Z ;  but,  inflead  of 
(he  Iranfverfe  bar  to  which  the  harneft  U  fixed  being  limply 
hnng  upon  the  hook  h,  let  a  goml  fpring  tteelynrd  be  inler- 
pofed  between  that  crof^-bar  and  the  hook,  the  gradaalinnt 
of  which  (halt,  when  the  machinery  h  put  into  motion,  in- 
dicate the  rcliliance  (in  lbs.)  ovcicomc  by  the  animal,  in- 
eluding  the  weight  of  thv  muft  moved,  the  frifition,  &c.  Near 
the  extremity  ol  the  oppofite  horfe-pole  A  D,  let  (here  be  fixed 
a  firongand  coirefl  commonlleeljatd.  whofc  divi(i(m»  (hall 
fliew  ilie  varioui  weights  from  W  m  iO  to  200lbii,  and  whofe 
centre  of  motion  Iball  be  at  ihe  point  y  on  the  fixed  ftanJ. 
Let  the  cord  c  which  'n  faiftened  i«  the  lliofltr  arm  of  thii 
flcelyard,  pafs  (with  as  Kltlc  friflion  ai  poffiblej  over  the 
pulley  p,  and  thus,  being  turned  into  the  horizontal  dir«£linii, 
or  ra^r,  inclining  a  little  upward),  let  tl  bt:  fixed  to  the  croft 
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ciipiioiiBfi  bar  of  the  iurneri  of  a  fecond  hotfe,  equal  in  puint  of  jlrenglh 
.i^aT'fo'r  '^'     '"  '''"  'i'Fmw.     Then  if  Ihe  two  horlc',  Ihus  alliciied  to  the 
iTuiingthc      ears  £  and  F,  be  made  lu  pafi  over  ilie  walk  in  Ihc  fame 
MaioninmiUi,  SrcSMi,   lollowliig  each  Olliir  conftanlly  al  ihe  dlllaiiee  of  » 
incej    rthiie  tbat  w'hicli  draws  al  Ihe  ear  E 
whole  prclfure  and  relill;ince  oppofed  by  I  he 
work,  ihe  other  which  draws  at  F  by  ihe  cord  over  Ihe  pulle^r 
p,  will  raife  ihe  weight  a  of  the  flei-lyard;  which  lhereror«» 
by  being  moved  lo  and  fro  u|ifin  ihc  aim/i,  may  be  brought 
lo  exhibit  an  exafi  counletpuife,  or  meafure  of  the  exertion 
and  |)Ower  of  ihe  horfe.     And  in  order  lo  enfiice  (he  greateA 
degree  of  accuracy  in  ihU  rtfpe^,  ihe  motion  of  ihe  two 
auimaU,  atid   ihe  pofilion   of  die  weight  v,   JliouM  be  fo  td- 
julled,  that  the  fameweight  fliould  be  (hewn  by  ihe  gradualiuns 
both  of  the  Ipiiiig  and  of  ihe  lever  fieelyard.     The  fluking  of 
the  machinery  will  in  fome  meafure  difiurb  ihe  efieflj  but  an 
ingenious  manager  of   the   experiments   will  find   meant   of 
checking  thi8 :  and  as  lo  the  cenirilugal  lorce  lo  which  the 
weight  w  is  expofed,  it  will  never  be  of  any  malerial  con- 
fequence  in  any  of  ihe  (luw  motions  which  will  be  produced 
by  Ihii  kind  of  work. 

Each  experiment  Ihould  occupy  Ihe  fpaee  of  a  fair  day's 
work  for  the  hoifei:  for  ihe  conclufioni  deduced  froni 
Ihorler  and  irregular  eflforls  arc  always  erroneous  in  exc-efs, 
and  (hould  be  guarded  againll.  The  rule  al  which  Ihe  animaU 
move  may  readily  be  afcertained  from  ihe  known  circumference 
of  Ihe  walk,  and  ihe  number  of  rounds  they  are  obferved  lo 
make  in  10  or  15  roinulet.  Thuf,  by  continuing  ihe  experi- 
menu  day  after  day,  varying  the  velocil)'  of  ihe  molimi  in 
Ibme  caftts,  and  ihe  radius  of  walk  in  ullicr<,  fuch  a  li^ries  of 
refulu  might  al  length  be  obtained,  as  would  in  a  great 
meafure  remove  ihe  obfcurily  and  doubl  in  which  'his  bufincfs 
is  al  ptefenl  enveloped.  H  is  fcarrely  necelfary  to  fugged 
the  propriety  of  making  ft  lew  eKperimenIs  wilh  a  view  (^ 
determining  how  far  a  load  upon  ihe  back  of  each  draught 
horfe,  would  aflil^  him  in  his  labour.  Nor  can  it  be  retjuilile 
lo  point  oulin  whal  way,  by  means  of  fuch  lieelyardi  properly 
applied  to  waggons,  &c.  upon  tolerably  finoolh  mads  and 
|wo  horfes  marching  abreall,  (one  druwing  the  l(>a<<,  (he  other 
railing  Ihe  weight,)  experiments  mif-hl  be  iDfiilmed  lo 
ftfpertain  the  ma^niludc  of  the  efftiris  of  horfci  when  drawing 
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in  rcAilineu    palht.      Judidoui  c^tperimenU    having  llicft: 
patpofet  in  view,    would  cufiniul}'  he    beneGciiil,    ai  lliey 
ntMiId  enable  us  Iq  lell  wIibI  aUviiiila^ei  migiit,  be  «xp«cled 
&oni  lh«  lab<iuri  of  [hit  itMa\  quadruped  in  iliirerent  circun:- 
fbncci.     But  with  tefptfl  lu  liie  adpplion  ol  " /lo;;/?  pd-j^r"  The  jHoptfon  of 
a»  a  unit  ol  lorce  in  elliiii»ting  iKe  power  ol  Jlcani  «ngii>ef,  f^,^'[h^'2[wCT' 
SiC.      I  conlefi  that   if  il  ncic  a  well  known,  and  W  un-aftnbarit. 
variable  a*  llie  length  of  the  day  at  the  qqualor,  I  (bould  feel 
an  averlion  to  applying  it  to  anj  fucb  piupofe.      Il  ii  a  cunu 
■nan  ineitfu(e  aibilranly  adopicd,  wliich  has  no  nccciTary  cod- 
ntflioa  with  the  fubjefl  thai  ii-  rcfetied  to  i',  which  doet  not 
ill  any  refp^f)  lacililale  the  compulation  of  the  powers  of  an 
engine,    tmd  which  may,  without  proper  caution,    lead  la 
contidenble  eirors  in  the  (.onclulions  deduced  lirom  il, 

Befixe  1  clofe   this  Idler,  already  pethapi  too  long,  I  beg  Smuton"* 
permifTion  to  lay  a  few  wofds  refpefling  liie  tneafure  which  is  jbuircil  powtr 
geneially  employed  lo  determine  the  niechantcal  eflefl  pro.  ana  f fleA.    He 
.lat«d.      This  ii  the  mtafure  of  the  di^fervedly  colebfalud  ^^'^"^,2^ 
Mr.  John  Smeatan,  who  fayi  that  "the  weight  u)' «i  body  wti^hc'rnti-Ac 
multiplied  fay  the  height  through  which  il  defcenclf,    whik '*''"'" f'""" 
driving  a  machine,  is  ihe  only  proper  meafure  of  the  power  mhcr  c»(e ; 
eipendedj    and  that  the  weight  muliiplied  by  (he  height 
through  which  il  il  uniformly  ralfed  i$  the  only  proper  meslure 
of  the  elTect  produced."     Mr.  Smeaton  wai  led  to  the  ufe  uf 
lliis  meafure  by  hii  profi-ldinal  habits ;  and  many  who  in  thia 
rcfpefl  pay  loo  great  a  deference  lo  hisaulhority,  have  adopted 
thii  niearureai  univerfaiaiid  preferable  loany  other.    Taking 
I  u  a  popular  meafure  eafy  to  recoiled,  and  fimple  in  its 
'   appUcfttion,    it  undoubtedly  has  iu  ufa;    but  in  many  in- 
I  .fiances  ilis  inadequate  lo  the  purpofe  fur  which  it  is  propofcd. 
'   The  late  ProlelTor  Robifon  liai  fomc  excellent  oblcrvalions  on  itflifitil  bj 
I  ,lhis  fubjefi,    in   the  arlitle  Maihinrri/.    Slip.    £ncjc/op<c(/ia  ^^'^^ 
Brilaa.  where  he  lay*  di'wn  the  jull  meafure  lo  which  tJic 
,JcieiUific  invefligalor  wi[|  generally  liave  recourfc.      "  We 
take,    fayi    he,    for  the  inearurc,    (ai  it   it    the  effeQ]  of 
exerted  mechanical    power,    the  quaiUity  of  motion  which 
I  il  produees  [or  whofe  accumulation  it  prevenU)  by  in  uniliDrm 
I  «xerlion  during  fonie    given  time.      We   fay  um/orai  cxrr. 
[  fhn,  not    betaufe    ihii    uniformity  is    neccflary,     but   only 
1   fcucaafe,  if  any  variaUoii  ot  Ihe  exertion  hat  taken  place,  it 
[  jRutl  be  known  in  order  to  judge  of  Uic  power." 

A  fmgle 
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Smeaton*s  mea-      A  (ingle  inflance  nay  beiiidduced^  ia  which  theneafiire 
jHMbic"to2["    ^f  Mr.  Sineaton  is  inapplicable,  and  In  whibh'W«'lDa(!  have 
hrrk  ruftaining  recourfe  to  fdme  fcchmeafdre  as  that  mention^'  by  Profeffbr 
i**weiriitr^"*^  Robifon.    Suppofe  that  a  horfe  wMIc  ftanding'ftil!  fuftains  by 
means  of  a  rope  and  iibpte fixed  ^Ifiejr,  a  mafs  of  k  hundred- 
weight, and  thus  keeps  it  fufpended  at  the  top' of  ft  well/  for 
the  fpace  of  a  minute.-    Neither  the  anftnal  fior  thte  weight 
moves,  bdit  (hall  wo  therefbfb  fay/  in  conformity,  as  it  would 
ieen»,  with  Mr.  Sitrettton's  mea(irre»  that  there  is  too  power 
expended,  and  no  e(fe6l  produced?  On  the  contrary  we  know 
there  iv  a  pov^^r  e^pendled,  and  that  the  eft)rt  if-'foflBciently 
long  conttnnied  would  completely  tire  the  horfe.    The  e(fe6i 
which  k  produced  is  the  annihilation  of  the  fin^odtanebus  a6ion 
of  gravity  upon  the  fufpended  mafs;  confcquentty,  the  etfed. 
produced  is  equal,  and  contrary  to  the  momentum  that  would 
bi'  fsfpnerafied  by  gravity  in  the  fpace  of  a  minute.     So  that 
^0x52^  X  112=216160,  is  the  proper  reprefentaCive  of  the 
V .  ...     power  eatpendcd,  as  well  as  of  the  wOrk  done.     Were  the 
rope  to  be -cut  and  the  weight  fuffered  to  &H  for  a  minute, 
thei  fane  number  would*  IfLevinfe*  denote  the  labour  of  the 
.  hoffe  in  reftoring  it  tO  it^ 'original  place,  provided  that  could 
be  accomf>li(hed  11^  an  eqUal  fpace  of  time,  without  the  horfe 
changing  his  fit  nation.  -    ' 

Ceneral  ftate*         '^  ™^y  ^^^»  perhaps,  be  entirely  ufelefs  to  date  this  matter 
inept.  rather  more  univerfally.    To  this  end,  let  M  reprefent  any 

mafs  or  body,  gzzS2  ^  feet,  the  velocity  communicated  to  a 
Jbody  falling  freely  in  the  firft  fecond  of  time,  and  i*  an  inde- 
finitely  fmall  portion  of  any  time  whatever  t.  Then  will  g  T 
■be  the  velocity  generated  in  the  inftant  t\  and  M  g  t'  the  cor- 
jefponding  quantity  of  motion  ;  this,  therefore,  meafures  the 
eflTwrt  which  muft  be  <'xerted  at  each  inftanl  to  fuflain  the 

I 

weight,  whether  that  effort  be  applied  immediately,  or  through 
the  intervention  of  a  fingle  fixed  pulley.  Hence  it  follows, 
that  during  the  whole  lime  /,  the  force  will  have  confumed  a 
quantity  of  motion  equal  to/M  g  CziM  g  t:  that  is  to  fay, 
if  I  denote  the  time  at  the  end  of  which  the  agent  is  no  longer 
^ble  to  ludain  the  mafs  M,  we  may  regard  M  ^  <  as  being  an 
adequate  meafure  of  the  force  f  of  that  agent.  If  the  agent 
not  only  prevent  the  mafs  from  falling,  but  adually  raife  it 
with  a  given  uniform  velocity  V  during  the  whole  time  I, 
\^pn  lye  muft  add  the  quantity  of  motion  MV  to  the  former, 

wh^ch 


wUdi  giv««3MVxM;i3:M(Vx;*.)  And  M)).  if 
the  •font  pdfleft  inertili,  iU  mafs  imifl  alfo  be  confideriecL 
Tlwty  in  liie  caCe  of  a  horfe  whofe  mafs  in  H»  moving  along 
with  the  velocfty  V  during  the  time  ^  and  raifing  the'maf^ 
M,  weOiallhavef  sr(MXH)VxM^t.  And  from  ^milar 
prineiplet  fermolae  may  be  inveftigated  to  reprcfent  the  power 
#f  a  firft  merer  in  more  complicated  cefef. 

It  will  after  all,  be  proper  to  diftinguifh  carefully  between  I^o«^  «>pcnW 
the  tfwntity  of  power  expended,  and  that  portion  of  it  which  f^\fy^l^\oy^ 
is  M^fidly  employed :  but  a  due  confideration:  of  thi«  would  require  to  be 
too  widely  extend  the  limits  of  the  preientconmunicaiion.^^^^''^^'''^ 
Indeed  I  ought  to  apologize  to  youifelf,  and  the  fcientifie 
part  of  your  readers,  for  dwelling  fo.  long  as  X  have  done 
opoo  topics  which  are  well  known  to  all  who  are  converlant 
in  the  theory  of  mechanics :  but  if  thofei  for  whofe  ufe  thit 
letter  is  chiefly  intended,  (hall  derive  foroe  precife  inforuiatioo, 
or  add  to  the  (lock  of  their  pradical  knowledge^  by  any  hints 
of  mine,  I  (hall  not  (ear  being  heavily  cenfured  for  having 
entered  thus  into  minutiae.  * 

I  am.  Sir, 

Your's  very  refpedfnQy, " 

OLINTHUS  GREGORY. 

Royal  Mil.  Academy,  Woolwich. 
June  lOih,  1805. 
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An  Account  of  fotne  AnaJj/iical  Experiments  on  a  Mineral 
Production  from  Devonjhire  conjifiing  principalljf  tf  Abimine 
and  Water.  %  Humphry  Davy,  J:/(j.  F,  IL  S»  Profejjbr 
of  Qicmifiry  in  the  Rayed  Jnjlitution,  From  tlte  FIMfoplucal 
T^'tt'l/^dions  in  1805. 

I.  PrelinuHury  Obfervations, 

JL  HIS  folTiI  was  found  many  years  ago  by  t)r.  Wave!!,  in  aHiftory  of  a 
quarry  near  Barn(bple:  Mr.  Hatchett,  who  vifited  the  place  ^®*'* 
in  1796,  defcribed  it  as  filling  fome  of  the  cavities  and  veins 
*IQ  a  rock  of  (oft  argillaceous  fchift.    Whep  firll  made  known,    - 
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h  was  GOiiiidered'  at  a  zeolite  j  Mr.  i^tchetk,  however,  cSQiw 
cludedf  from  lU  geplq(ical  poiitioo,  that,  it  nioft  f  robaUy  flKi 
not  belong  to  that  clafs  of  ftones;  an4  Dr.BabingtuD*  ^otp 
pis  phyiical  cbarader^  and  £:om  fome  experiments  on  iU 
IblutioDS  in  acids^  mad^  ai  his  requeft  by  Mr.  SU)Cker,  afcpr- 
tained  that  it  was  a  mineral  body»  as  yet  not  del'cribed^ 
and  that  it  contained  a  confiderable  proportion  of  aluminous 
earth. 

It  is  i^  Dr.  Babil^gtofi  that  I  am  obliged  for  the  oppertur 
Dity  of  making  a  general  inveAigalion  oi  its  chemical  nature ; 
and  that  gentleman  liberally  fupplied  me  with  fpecimens  for 
analyfit, 

II»  Sfnjible  Ouwaaers  qfthe  FoJU. 

In  Infibte  chs-  The  moft  common  appearance  of  the  foffil  is  in  fmaTI 
mTLi  hemir  ^cn^'Q^^^*^"  groups  of  cryflals^  compofed  of  a  number  of 
plwrieil  {roapi }  fil^inents  radiating  from  a  common  center,  and  inferted  on 
jhitCf^filky,  the  furface  of  the  ftiift;  but  in  fome  inftances  it  exifts  as  a 
coIIeAIbn  of  ifregularly  difpofed  prifms  forming  fmalT  veins 


Wd«  lictle  teaa* 
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in  the  (lone :  as  yet,  I  believci  no  infulated  or  diflindl  cryffal 
has  been  found.  Its  colour  b  white,  in  a  few  cafes  with  a 
tinge  of  gray  or  of  green,  and  in  fome  pieces  (apparently 
beginning  to  decompofe)  of  yellow.  Its  luflre  is  (ilky ;  fome 
of  the  fpecimens  poflefs  femi-tranfparency,  but  in  general  it 
is  nearly  opaque.  Its  texture  is  loofe,  but  its  (mall  fragments 
poiTefs  great  hardnefs,  fo  as  to  icratch  agate. 
Other  chartc-  It  produces  no  effe6l  on  the  fmell  when  breathed  upon,  ha<i 
^^'**  no  tade,  does  not  become  ele^rical  or  phofphorefcent  by  heflt 

or  fri£lion,  and  does  not  adhere  to  the  tongue  till  after  it  has 
been  flrongly  ignited.  It  does  not  decrepitate  before  the  flame 
.of  the  blow-pipe;  but  it  lofes  its  hardnefs,  and  becomes 
opaque.  In  confequence  of  the  mlnutcnef:;  of  the  portions 
which  it  is  found,  few  of  them  exceeding  the  flzc  of  a  pea,  it 
is  very  difiBcult  to  afceriain  its  fpecific  gravity  vi^tth  any  pre- 
cifion^  but  from  feveral  trials  I  am  difpofed  to  beh'eve,  that 
it  does  not  exceed  2,70,  that  of  water  being  confidered 
as  1,00. 

Illt  Chemical  Chara6iers  of  the  FajJih 

Chemical  babi-       The  perfedlly  white  and  femi-tranfparent  fpecimens  of  (lie 

?^!*i  •      *j    foflii  are  foluble  both  in  the  mineral  acids  and  in  fixed  alka- 
SoluDie  in  acids  ...  .  •  r     4-1  i       /%•        /•  .  .      .  .      ' 

wd  ta  f.  alkalis,  line  lixivia  by  heat|  without  fenObly  cfierveicing  and  without 

leaving 
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f  bvii^  anjr  notable  reliduDin;  but  ■  fmall  pari  remaint  iin- 
■  Afihlved,  when  coloured  or  o|»que  rpecimeni  are  n:[KirMl  lo 
Piiii-alitalfne  lixivia. 

A  ImslI  remT-itanrparenl  piece,  afled  on  by  ihe  hi);he&  Forge  hut  (h* 
Ihni  of  an  excdlenl  forge,  had  iu  ctyftalline  lexlure  dclhoj-  ^'f,'J,' i^"i;^ 
Ifd,  and  wai  rendered  opaq'ie;  bul  it  did  noi  enter  into  fulion.  siie-fnuitk, 

r  Ihe  experiment  i(  adhered  flrongly  to  lh«  tongue,  and 
I  wai  found  lo  ha VQ  loA  mare  than  a  fourth  of  its  wei){hL  VVait-r 
I  and  aJcohol,  whether  hot  or  cold,  had  no  clFeA  on  the  fojli]. 

■  it  win  aftcd  on  by  a  heal  of  irom  212*  to  600*'  Kahrcn-  i[  cnoctedwm. 
n  »  glsfs  lube,  it  gave  out  an  elafite  vnpnur,  which  when 
■condenrcd  appeared  bi  a  dear  fluid.  palTciTing  a  flight  cn- 
Bpyreumalic  fmcll,  but  no    talte  ditTerent  from  ihat  of  pure 

The  Tolulion  of  the  foni]  in  fulpliuric  acid,  when  evaporated  Sulphuric  fols. 
tficierHly,  depolitcd  cryfials  which  appearfd  ii)  thin  plates,  '™^'^^;^f]|^ 
and   had   all  the   properties  of  fulphftle  ofaluinine;   and  ihe 
fuiid  matter,  when  radiiTolved  and  mixed  with  a  little  caibu- 
Mle  of  polafli,  llowlji  depofilcd  oclaJiedral  cryftal?;  of  aluni. 
The  folid  mailer  precipitated  from  the  folution  of  ihe  wlijlt  JAwmU  ra!ii< 
and  femi-tranfparenl  fuQil  in  muriatic  acid,  was  in  no  manner  ^^""^r*' 
aded  npon  by  folalion  of  cat bonate  of  ammonia,  aixl  ibercfore 
it  oould  not  contain  any  gliicme  or  itiria;  and  ii«  perieA 
lolubilily  without  lufiduum  in  alkaline  lixivia  ftiewed  that  it 
Wat  alumine. 

When  the  opaque  rariciiea  of  the  fuffil  were  fully  ex- Tht  whltt  «- 
pofed  to  the  agency  of  alkaline  lisivia,  the  refiduum  never  '«■'»  (onUntd 
wnounled  lo  moce  than  one- twentieth  part  of  ihe  weight  of 
Ihe  Kkult.  In  the  while  opaque  variety.  It  wai  merely  calca- 
(coui  earth,  lor  when  dillulved  in  muriatic  add,  not  in  excefa, 
it  gave*  while  precipitate  when  mi>.cd  with  foluljon  ol'ovalale 
of  ammOnU,  and  did  not  atied  lulution  of  prudiate  of  poialh 
#iid  iron. 

Jn  the  green  opaque  variety,  calcaream  earth  was  indicated  and  ihrtixfii 
,>y  folution  of  oxalaie  of  ammonia  :  and  ll  contained  oxide  ol  '""  """t^'fe  - 
'JSanganeli:  {  for  it  was  ni>t  precipitated  by  folution  of  ammu- 
|lia;  but  wai  rendered  turbid,  and  nl'a  gray  colour,  by  fuluilon 
•if  prufliatc  of  pntalli  and  iron. 

The  rcliduum  of  iha  alkaline  folution  of  lite  yellow  variety,  iKc  ydion-,  ■ 
•flvhcn  tliiri>lvt;iJ  in  muriatic  acid,  produced  a  fmall  quantity  oi  wa««f  inm. 
ivliile  Mid  maticr  »  hi.-n  mi^a.l  with  the  folution  ol  ihe  o\bU1u 
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Analjrfis  of  to 

grains. 

!•  Expofore  to 


Mft.  dattVexpsriitints 

of  ammonia,  and  gave  a  light  yellow  precipitate  bj  expofe 
to  ammonia ;  but  after  this,  when  neutralized,  it  did  not  affbft 
pruffiate  of  potafh  and  iron,  fo  that  its  colooring  matter,  iV^ 
tbeie  is  every  Jreafon  id  believe,  was  oxide  qf  iron, 

IV.  Jmdxfit  of  the  Fqfil.  .  ^ 

Eighty  grains  of  the  feffil  coniifting  of  the  whheft  and  molf  ^ 
tranfparent  parts  that  conid  be  obtained,  were  introdaced  into  ' 
a  fmal!  glafs  tobe  having  a  balb  of  fufficient  capacity  Co  receive 
them  with  great  eafe.    To  the  end  of  this  tobe,  a  fmali  glafs 
globe  attached  to  another  tabe,  commanicating  with  a  pneana- 
tic  mercurial  apparatus,  was  joined  by  fuOon  by  aieana  of  dw  i 
blow-pipe.  i  i 

The  bulb  of  the  tube  was  expofed  to  the  heat  of  an  Argandf  j 
kmp ;  and  the  globe  was  preferved  cool  by  being  placed  in  a  i 
veflel  of  cold  water.    In  confequence  of  th^s  arrangement,  the  ^^i 
fluid  difengaged  by  the  heat,  became  condenfed,  and  no  elalUc 
natter  could  be  loft.    The  procefs  was  continued  for  bali'aa. 
hour,  when  the  glafs  tube  was  quite  red. 

A  very  minute  portion  only  of  permanently  elaftie  flaid- 
pafled  into  the  pneumatic  apparatus,  and  when  examined,  it 
proved  to  be  common  air.  The  quantity  of  clear  fluid  oolleded^ 
when  poured  ihto  another  vefTel,  weighed  1 9  grains,  but  whea 
the  interior  of  the  apparatus  had  been  carefully  wiped  and  dried 
the  whole  lofs  indicated  was  2 1  grains.  The  1 9  grains  of  fluid 
had  a  faint  fmell,  fimilar  to  that  of  burning  peat ;  it  was  tranl^ 
parent,  and  tafted  like  diftilled  water :  but  it  ilightly  reddened 
litmus  paper.  Jt  produced  no  cloudiuefs  in  folutions  of  muriate 
of  barytes,  of  acetile  lead,  of  nitrate  of  diver,  or  of  falphate  ■ 
of  iron.     . 

2.  Solution  of  The  59  grains  of  folid  matter  were  diflblved  in  diluted  fuU 
therefiduein  phuric  acid,  whivh  left  no  refiduum;  and  the  folution  was 
precjpiutlon  and  mixed  wilh  polaQi,  in  fufficient  quantity  to  caufe  the  alnmine 
rcfotoOoQ  hf  at  firft  precipitated  again  to  diifolve.  What  remained  un* 
grain  and  aTuar-  diflTolvcd  by  potath,  after  being  colleded  and  properly  wafhed, 
ter  of  lime  re«  was  heated  (Irongly  and  weighed  ;  its  quantity  was  a  grain 
Z^td^  "'**"^"     and  quarter.     It  was  white,  cauftic  to  the  tafte,  and  had  aU 

the  properties  of  lime. 

3.  Nkric  acid  The  folution  was  miaed  with  nitric  acid  till  it  became  ./hnr. 
^V  ****/  'h  "*  Solution  of  carbonate  of  ammonia  was  then  poured  into  it  till 
caibonate  of  w>-  ^^  ^t&  of  decompolttion  ceafcd*    The  whole  thrown  into  a 

filtrating 
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ruing  apparalui  left  folid  niBller,   wliich  when  carcfuiiy  ""H'j.    tKb 
ilticdand  dried  at  ihc  heat  of  ignilion.  weighed  56  gi'^ins,  [^"(^'^^j"' _ 

e  pure  alumine :  hen(%  the  general  refulli  of  the  niilan,  wat  jc 
^linti^oU,  when  calculated  upon,  indicated  fjr  100  parli  of*""".' 


Of  alutnine  -  .  70  Comiffln 

Oflicne  .  .  .       l.t  t"^ 

Of  fluid  -  -  2G.Z 

Lot*  -  -  -       2.+ 

e  loCt  I  am  inclined  lo  altribute  lo  fome  Raid  remaining  The  hfi 
lite  doae  after  tlie  procefs  cf  dillillaiion  ;  for  I  Itave  found,  yaj,,iii, 
I  fereral  ekperimenls,  that  a  red  heat  is  not  fulficieni  lo  mi:ur. 
cl  alt  ibe  raalter  capable  of  being  volaiilized,  and  llrnt  the 
rfied  can  only  be  produced  by  a  flrong  i^  Iiile  heal. 

int  of  a  very  Iranfparenl  par!  of  the  tollil,  bj  being 
a  rod  heat  fur  fifteen  ninutes,  loft  13  grains:  but 
'vben  tbey  nere  heated  to  whiteneft,  the  dehcieticy  amounled 
to  IS  i^Tain*,  atid  the  cafe  was  fimilar  in  other  trials. 

DiSerciil  Ipeciraens  of  tlic  follil  were  examined  willi  gieal  The  mli 
'  iTc,  fw  the  purpole  of  afcerlaining  whether  any  minute  por-  J^j"""' 
'  11  ot'  fixed  alkali  CKiDed  in  them  ;  but  no  indications  of  this 
iihilaiioe  conld  be  obfcrved ;  (lie  procetTes  were  conducted 
b>-  nraiu  of  laJution  uf  (lie  unaltered  foOil  in  nitric  acid ;  the 
catthi  and  OKidet  were  precipitated  from  the  folution  by  being 
hoiM  «nth  carbonate  of  animonia  ;  and  after  iheir  reparation, 
the  iaid  wai  evaporated  to  drynefi,  and  the  nitrate  of  afflnionit 
I  ^KOBpnfed  by  heat,  wlicn  no  refiduum  occurred. 

A  comparative  analyfis  of  30  grains  of  a  very  pellucid  fpeci-  Other  i 

rm  nw  made  by  folution  in  lixivium  of  poiaili.     This  fpeci- 

-lOi  lol(  8  grains  by  long-continued  ignition,  alier  wliith  it 

tMy  (UTolvcd  in  the  lixivium  by  heal,  leaving  a  rcfiduum  of 

-^({aartrr  of  a  grain  only,  which  was  red  oiiidL-  of  iron.    Tlie 

pitale  from   the  folution  of  potafhf  made  by  means  of 

iate   of  ammonia,  weighed,  when  properly  treated,  21 

Several  fpecimens  weic  didillud  in  the  manner  above  d^ 
fcribed.  and  in  all  cafe?  the  walet  collefled  had  jimilar  proper- 
lid.  Tli«  only  lefl  by  wliich  the  prelence  of  acid  inaUer  ia 
it<auJii  b«  deleted,  wai  litmus  paper;  and  in  foine  cafc«  tiie 
tiefi  upon  thii  fubttance  wa;  baicly  perceptible. 

V.  General 
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V.  General  Obfirvations. 
acid  tnitter      I  l^^vc  maJc  fcveral  experiments  with  the  hope  of  afcer 


in  the  water  was  taiiiing  ihe  nature  of  Ihe  acid  matter  m  the  water ;  but  front 

«  iulpb.'       '  ^^^  impoflibility  of  procuring  any  confiderable  quantity  of  lh« 

fofTiI,  they  have  been  wholly  unfuccefsful.  .  It  is,  however 

evident,  from  the  experiments  already' detailed,  tliat  it  is  no 

one  of  the  known  mineral  acids. 

It  is  fi>re^gn  to        1  am  difpofed  to  believe,  from'the  minutenefs  of  its  propor 

Aeftoni:^  lion,  and  from  the  "difference  of  this  proportion  in  difftrreii 

cafe<(,  that  it  is  not  eiTential  to  the  compofition  of  the  ftone 

and  that,  as  well  as  the  oxide  of  manganefe,  that  of  iron 

and  the  lime  it  is  only  an  accidental  ingredient,  and  on  tht 

idea  the  pare  matter  of  the  foflll  muft  be  coniidered  as  a  die 

roical  combination  qf  qtbout  thirty  part*  qf  water  and  Jtcenty  ^ 

aiumine»  '' !  - 

iHnmine  has  aa     The  experiments  of  ^f.  Theodore  de  Sauflbre  on  the  pre- 

"'Kmtyfbr         eipitation  *  of  alumine  from  its  folutions,  have  demonflrated 

the  affinity  d  this  body  for  water ;  but  as  yet  I  believe  iM 

aluminous  Hone^  except  that  which  I  have  juft  deicribed,  ha! 

been  found,  containing  fo  large  a  proportion  of  water,  ai 

thirty  parts  th  the  hundred. 

VuHpoit  exam.       The  diaspore,  which  has  been  examined  by  M.  Vaoquelin, 

hf  yauquehn,    ^^^^  which  lofes  fixteen  or  feventeen  parts  in  the  hundred  bj 
cootaios  So  aio-  ^  ,  .         ^  * 

aaine  and  s6      ignition,  and  which  contaiils  nearly  highly  of  alumine,  and  onlj 

^"'^*  three  of  oxide  of  iron,  is  fuppofed  by  that  excellent  cbemift  ti 

be  a  compound  of  alumine  and  water.     Its  phyfical  and  che 

mical  chara^ers  di£R;r  however  very  much  from  thote  of  th< 

new  fotni,  and  other  refearches  arc  wanting  to  afcertain  whe 

Iher  the  part  of  it  volatilized  by  heat  is  of  the  fame  kind. 

Cornlfli  mineral      I  have  examined  a  foflil  from  near  St.  Aiiflle,  in  Cornwall 

?ki^*'?h^    very  (imilar  to  the  foifil  from  Barnnaple  in  all  its  generatrhi 

paper,  mical  ckaraBers;  and  I  have  been  iiirurmed,  thai  an  anal)  fi 

oi  it,  made  by  the  Rev.  William  Gregor  fome  months  iinc< 

proves  that  it  confids  of  (imiUr  ingredients. 

f ropoied  aaoics*      Dr.  Bablngton  has  propofed  to  call  the  f  Hll  from  Dcvor 

fliire  IVavcUite,  from  Dr,  Wavell,  Ihegcnlleman  whoditrovcrc 

it ;  but  if  a  name  founded  upon  its  ciiemical  coropolltion  b 

preferred,  it  may  be  denominated  Ilifdrar^illitc,   from  th 

water,  and  oefyiX^9;  clay. 

*  Journal  de  Phyfiquey  Tom.  LII.  p.  S80. 


III. 

On  the  J'jcrTotians  qf  Light  pujfing  tkrm^h  Jxnjkt.     By  Mr, 
EiFKiEL  Walker. 

X  HE  dilcDverj-  of  the  aberraltonof  iherayiof  tighl,  csufed-Newtio'tiJit- 
Vy  their  uneciual  refrangibllttyi  formed  a  new  area  in  ilie  J*^'- ibcrracioiu  of 
encc  of  nplic).      It  is  llic  foundaliun  of  all  Sir  /jUac yiMiton'icatoaitAtajt. 
difcoveries  in  liglit  and  colours ;  and  alfo  l!ie  foundation  of 
taoi  ef  the  ufefiil  impiovemendi  in  the  conHruflJoii  ol'  optical 
'uArumenlK,  ihat  tsuve  done  fo  mucli  honour  lo  our  country. 
Jknd  llii*  fcienct:  may  Dill  derive  furllier  improvements  frQm 
Ite  Isinc  difcovcry,  nut  miijr  in  ilic  cjjnllruClion  of  inllrumenU, 
bnl  alio  in  p>:p1iiining  liiroc  curious  phenomana  in  nature. 
'     But  bfrfore  I  altcmjit  to  tliuw  how  the  ufe  of  this  properly 
of  Tilion  may  be  extended,  it  fcem*  necorfary  lo  give  a  fliort 
■ocounl  of  dial  kind  of  aberration  whidi  arifcs  frgm  the  un< 
eqoal  cefrangibility  of  the  dilferenlly  coloured  niyi  of  light : 
Die  other  aberralion,  or  that  which  is  caufed  by  the  fpherical 
figurv  of  the  Ii;n4,  ii  not  hure  coniidered  ai  being  inconGdei- 
ablewhen  compared  with  the  former. 

Tbcrefore  let  A  C  B,  Fig.  Q,  PUiie  X.  reprefenl  a  piano.  AbermliBi  af 
convey  lens  j  PA  and  R  B  two  penflli  of  while  or  compound  |]J,'|^j'~!^ 
rnyt  of  light,  falling  upon  it  at  the  points  A  and  B  in  a  dircc 
lion  psiallel  lo  its  axis.  Alio  kl  A  it  and  Bjik  be  llie  red 
or  Icart  refrangible  rayi)  and  A^jiand  B^i  the  violet,  or  noA 
refrsDgiblc.  Tho  red  ray  from  A  will  cut  the  violet  ray  from 
B  al  the  point  z,  and  tha  red  ray  from  B  will  cut  llie  violet  ray 
fro«n  A  at  the  ;ioinl.v;  through  ihL-I'e  inlerfe^iom  draw  i he 
liae  xy,  and  tht^  line  will  be  (he  diameter  of  the  IcaA  circular 
l|Sce  into  which  all  (lie  raji  that  fall  upon  the  lent,  parallel 
lO'iUaxi*,  can  be  culle^ed.  And  this  circle,  which  lor  bre- 
vity't  fake  ii  called  the  circle  of  aberration,  h  the  true  locut 
of  the  Urns  or  place  where  the  image  of  the  ohjcfl  i«  formed. 

Let  the  Gno  of  incidence  going  out  of  glafii  be  a,  ih«  lin«« 
of  refra^ion  (into  air)  of  the  leall  and  the  mofi  refrangihid 
ray*  bep  and  tj ;  then  if  a  plano>convex  lens  be  cxpofed  with 
())C  plane  fide  to  the  fun,  the  diameter  of  the  circle  of  aber- 
fUion  jy  [or  image  of  the  fun  formed  of  rays  of  dilTeteni  rr- 
frangibiliiy]  i(  lo  the  diaracler  of  [he  kns  A  B,  at  ij-p  lo 

*  TkJ*  iheartm  U  wrll  known  ^ 


|0O  OPTICAL   ABBRKAT^OK* 

From  this  given  ratio  of  ^  B  to  xy  it  follows,  that  the 
image  of  the  fun  within  a  tel^fcope  varies  with  the  aperture 
of*  the  pbjed  glafs. 

Sir  Ijhac  Newton  found  by  moft  accurate  experiments  that 

where  the  fine  of  incidence  was  50,  the  fines  of  refiradion^  of 

-the  red  alid  the  violet  rays  were  77  and  78«    Hence q-^p  is  to 

q+p^Qn  as  I  to  55.     And  therefore  A  B  :  ifjf : :  55  ;  1 ;  or 

AB 

'•y=-5r* 

To  ^leeidate  this  theorem  by  examples,  let  the  diameter  oT 
the  fAs^fl^  glafs  of  a  telefcope,  which  li  4  inches,  be  con* 
trafted  to  5  inches,  and  ofterwards  to  2;  then  the  diameters 
•f  the  circles  by  aberration  formed  by  parallel  rays,  will  bei 
^  =:  ,07^,  ^  =s  i05^,  and  ^  =  .036  refpeQively* 

JTwfiont  Property  of  llficm  demonflraied  athenvifi, 

Thnsy  let  n  reprefent  the  fine  of  incidence,  and  p  and  q  the 
fines  of  refra6lion»  as  before. 

The  fine  of  incidence  of  every  tay,  is  to  its  fine  of  refirac* 
iion  in  a  givqn  ratio.^' 

And  the  fine  of  incidence  of  the  extreme  ray  PA,  variea 
with  the  aperture  of  the  lens.  '  For  n  becomes  lefs  su  P  A  ap* 
proaciies  the  iixts  of  the  lens  £  r. 

TAenefone  the  fines  of  refraction  pand  q,  the  angle  xAy, 
»nd  its  Aibtenfe  xy  increafe  or  decreafe  with  A  B.  Cbnfe- 
^uently  the  image  of  the  fun  or  moon^  upon  the  retina  in- 
cteafes  or  xlecreafes  in  magnitude  with  the  pupil  of  the  eye* 

Detedko;  Now  as  the  rays  of  artificial  light  are  differently  refrangi* 

ble,  it  is  evident  from  the  given  ratio  of  A  B  to  jr j^,  in  which 
they  increafe  or  decrfeafe  at  the  fame  time  that  ttie  image  of  a 
candle  formed  in  the  focus  of  a  convex  lenic  decreafes  with 
the  aperture  of  the  glafs.  For  the  rays  of  the  fun  and  the 
light  of  a  candle  are  both  go\'erncd  by  tlie  fame  law,  in  the 
formation  of  images  in  the  focus  of  a  lens ;  but  this  law  docs 
not  obtain  in  the  fame  degree  in  both  objefis,  in  confequence 
of  the  rays  of  the  latter  being  in  a  more  diverging  fiate  than 
thofe  of  (he  former. 

>  ippPcJ  jo  Hence  the  truth  of  the  refalt  of  my  experiments,  wliicli 

ftmort  of  the    ^ere  pnblifhed  in  Vol.  IX.  page  164  of  this  Joernal,  is  proved 

MEor*t  esperi.  ^^^-^^^  difcoveries  of  Sir  Jfaac  Newton. 

*  Newton's  Optics,  page  64  #  •* 

.4  What 


DMQaurasivc  the  sulphatk  or  bakvtei. 

What  I  liRv«  funher  lo  advance  on  this  Tubjcfl  mult  be  re- 
IfTved  until  (uine  litture  Qpfotianilj,  ai  it  would  exceed  ihe 
iunitt  of  this  paper. 

E.  WALKER. 
*>«,  May  16,  180J. 


incoRiplcK. 


J  3ffet\nd  of  <lcco'itj>oft.i^  the  SiilphaU  of  BiryU-f  for  pre- 
pSJ-Mg  the  Mariotv  of  that  Earili,  and  PiepaTation  qf  the 
nnriate.    J5y  Mr.  Goktii.ing.* 

IHE  mariale  of  bsrytei  i*  now  In  fuch  general  ufe,  tliat  Muri>ttof  bi 
'  improvement  in  the  mode  of  preparing  it  muft  meet  a  ^J""""''"''*'^' 
rabic  reception.     This  will  tender  tlie  new  metli-jd  of 
r.  Goellling  acceptable  lo  the  public. 
I  ThedecoraporuiDn  of  fiilphale  of  bar)  tct  by  means  of  char- Dccampalitian 
I  requires  a  llrong  fire  continued  a  long  time,  and  never 
Bed)  completely.     Tliii  i<  owing  on  the  one  hand  to  the 
flrongljr  oxigenatcd  quality  of  the  acidifying  principle  in  the 
falphoTic  acid,  fo  that  in  it*  iranflation  lo  the  charcoal  it  ijivei 
mt  but  little  caloric  i  and  on  the  other  hand  to  the  difficulty 
J  imparling  acertiiin  degree  of  heal  lo  a  mixture,  inlowliich 
KWge  ({aanlily  of  a  body  that  is  fo  bad  a  conduflor  of  heat  as 

il  enters.     To  remedy  the  firfl  of  ihefe  defefls,  I  liadRon?J!f»! 
»dy  piopofed  to  increafe  the  proporlion  of  charcoal  a  little,  ^  "'*  ""^ 
il  lo  incorpiirate  with  the  mixture  of  charcoal  and  fulphalen;t„[c(,f  putii})| 
kfawytess  twcnlieih  of  nitrate  of  potaOi.     To  remedy  the 

\A,  Mr.  Goetlling  advifes  lo  add  muriate  of  foda  lo  Ihe— ind  muriite 
lure,  which  ferret  at  ilie  fame  time  ai  a  conduflor  of  heat"*^  ^'' 
I  a  flux.    The  following  is  hts  method. 
'  Four  parts  of  native  fulphate  of  barytei  in  fine  powder  are  Mr.  GoEtiTing'i 
Bbe  mixed  with  one  part  of  muriate  of  foda  and  half  a  part^"!^?''- 
f  riiarcoal  powder.     This  mixture  ii  to  be  prelTed  hard  inlobirrR)  ^ith 
^VetTian  crucible,  and  expofed  for  an  hour  and  lialf  to  a  red"""'""  "f  foJ* 
a  good  wind  furnace.     After  it  hai  grown  cold,  the  tg,j  ,„  hMwrJ 

r*  TranllaleJ  from  Van   Monl'i  Jturnal  di  Chimie,  Vol,  VI, 
EYO.    Originally  publiOied  in  the  TafiitH-Buibfatr  SthiiJtkutii- 
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]£{2  aicOMPOSlMG    TBI    SULPHATE   OP   BAaTTtt. 

« 

The  CaHne  mtfi  ^^^^  i*  ^^  be  reduoed  to  a  ooarfe  powdeTf  and  boiled  for  a 
diffi'^di^  ^      moment  with  (ixteen  parts  of  water.    The  liquor  is  then  to  be 

filtered,  and  kept  in  well  (lopped  bottles..  "^ 

The  time  of.  expofure  to  heat  may  be  fliortened  to  one  half. 

if  the  quantity  of  muriate  of  foda  be  doubled,  and  the  natter 

occafionally  ftirrcd.     In  this  cafe  too,  double  the  quantity  of 

water  (hould  be  ufed  to  lixiviate  the  mafs. 
Ao  addition  of       To  prepare  muriate  of  barytes  with  this  lixivium  of  fulpho* 
"""lsl5i*f*l.    ^^^  ^^  barytes,  which  at  the  fame  time  holds  in  folution  ronri- 
phureous  acid     Ate  of  foda,  muriatic  acid  is  to  be  added  in  feparate  portioaSf 
and  leaves  muri-  tjH  fulphurated  hidrogen  ras  is  no  longer  extricated.    The  K- 

atcs  of  barytei  .'  .       ^i         ?       |...i     ■    .         .       •  .  j 

and  of  foda.  ^^^^  >>  then  to  be  filtered,  a  little  hot  water  is  to  be  poured 
on  the  refiduuro,  and  the  liquor  is  to  be  evaporated  to  a  pel- 
licle. The  lixivium  being  then  filtered  afrefh,  is  to  be  fet  to 
Thflfiicryftais  cryfialliae;  the  muriate  of  foda,  which  is  much  more  folnUc 
LmeTv?  C:pa-*"  ^^ter  than  the  muriate  of  barytes,  and  not  more  folublr 
rated  by  cooling  with  heat  than  without,  is  not  d^poiited  by  coolings  and  the 
aficr  evaporation,  ^u^iate  of  barytes  cry ftalliBes  alone. 

The  remaining  lixivium  is  to  be  evaporated  and  fet  to  eiy^ 
Hallize  again,  and  this  is  to  be  repeated  till  no  more  cryflals 
of  muriate  of  barytes  are  formed. 
The  borytjc  fait  The  barytic  fait  thus  obtained,  if  care  be  taken  not  to  em* 
^^*j^/^'*"  ploy  an  excefs  of  muriatic  acid,  is  perfedly  white,  on  ao- 
count  of  the  hydrofulphuret,  by  which  the  iron  and  other  me- 
tallic Aibflances  are  precipitated.  To  be  more  certain  that  it 
contains  no  muriate  of  foda,  the  different  produds  of  the  cfy- 
Aallization  (hould  be  mixed  together,  difTolved,  and  re-crjr« 
ilallized. 

'  "  ■         ■     ■  ■  '■  ■       ■  ■     ' 

V. 

On  the  Aciion  qf  Pkuina  and  Mercury  upon  each  other.  Fy 
RicHAftD  Chbnbvix,  Esq.  F.  R,  S.  M.  R,  L  A,  Sfc.  From 
the  Fhilnfophical  TrQnfiaionsJor  \S05,  p,  iq+. 

freyberg,  June  %4,  1  |0-k 

l&ftrence  to  the  V>N  the  12th  of  May,  1803,  I  liad  the  honour  of  prefentin^ 

^^'«  P*P*'    a  Paper  to  the  Royal  Society/  the  objefl  of  which  was  to  diC- 

^^'     covef  the  o^lUTfr  of  palladium^  a  fubflance  juft  then  aji^oiiQ^ 

•  •  .    ml 

I 

*  Inferted  in  our  Toumal,  Vol.  VIL  &5.  IIQ, 

'  >.      to 


ACTION   OF   FLATINA    ANP    MSBCVftY,  163 

|i  the  pdblic  aa  a  new  fiin|>le  metal.  The  experiments  whtdi  I 
bad  made  for  thb  purpofe  led  me  (o  conclude  that  palladion 
was  not  what  tl  bad  been  Aated  to  be,  but  that  it  was  a  com- 
pMBd  of  plaLina  and  mer^ry. 

Il  Mras  natural  to  foppoTe  tbat  a  fubjed  fo  likely  to  fpread  Attempts  to 
ill  infloeoca  throuehout  tlie  whole  domain  of  chemiilry,  aod  '^P5^^  ^'-f*' 
wnicn  tended  even  to  the  lubveruon  of  iome  of  its  elements,  beea  tmrucceit* 
woold  awaken  the  attention  of  philofophers.     We  find  accord-  ^"^* 
vpgly,  that  it  has. become  a  fiibjed  of  enquiry  in  England, 
Fnnoe^  and  Germany;  but  the  experiments  which  I  had  re- 
oaended  as  the  leaft  likely  to  fail,  have  been  found  infuf- 
lo  infare  the  principal  refutt;   and   I  have  had  ths 
^Offtification  to  learn  that  they  have  been  generally  unfuc. 
oefcfaL     I  have  even  reafon  to  believe  ihat  (he  nature  of 
paBadinm  tt  ftili  confidered  by  chemifts,  at  lead  with  a  very 
few  exceptions,  as  unafcertained;  aod  that  the  fixalton  of 
aercnry  by  platina  is  by  many  regarded  as  viiionary. 

The  ArQ,  doubts  were  raanifeflcd  in  England;   and  Dr.  Dr.  Wollafton 
WoDafion  very  early  denied  the  accuracy  of  my  inquiries.  ^^'"  *^*"  ^^ 
But  at  he  has  not  publilhed  his  experimenl$»  I  have  had  no  not  yctpubUflic4 
opportunity  of  difcufling  them.     His  opinion,  liowever,  mod  ^^  ^^"^ 
have  focfa  weight  in  the  learned  world,  that  I  fliould  have 
negiefied  a  material  fad  in  the  hidory  of  palladium,  if  I  had 
not  mentioned  it  in  this,  place. 

In  France  the  compound  nature  of  palladium  has  been  more  Cuvton,  in 
generally  credited.  When  the  National  Infiitule  was  informed  ^|j|^^ih'^ 
of  my  experiments,  a  report  was  ordered  to  be  made  upon  author. 
Ihem,  and  M.  Guyton  was  the  perfon  appointed  for  the 
porpofe.    He  repeated  feme  of  the  experiments,  and  produced 
fome  of  hit  refuhs.     Hi4  general  concIuHon  was  the  fame  as 
mine. 

Meflrs.  Vanquelin  and  Foarcroy  then  undertook  (he  fub»  Vauquelin  ani 
jed,  and  they  were  led  by  it  to  the  confirmation  of  the  recent  ^<^v*«^'^y» 
difcovery  of  Monf.  Defcotils.  The  exigence  of  a  new  metal, 
which  that  chemift  had  found  in  crude  platina,  received  great 
laodion  from  their  experiments ;  and  thus  the  difcuflion  upon 
paUadiam  baa  eftabliflied  a  fa£t  which  will  be  conridered  as 
interefting,  but  which  would  be  much  more  fo,  were  we  not 
alceadjfinvcrburthenekl  with  fubflances  which  our  prefent  igno- 
rance obliges.  Qi  to  acknowlege  as  iimple. 

MC?  No 


—infer  iKitpiU  No  fooner  were  Ihere  celebrated  chemidf  convinced  of 
UdiuRiuntMni  „ifte,^  ^f  ^  ^^^  „^,^  i„  p|a,ina  ihan  Ihey  toiid.iHcd  t 
nornctcaTyf  hut,  *  '  ' 

>i  pliiini  with     It  mull  play  a  principal  part  in  the  comporitioii  of  palladii 

D^fra^ i""*"  '^^''""'J'  "'^'"  '*"■''  '"  »  ""'^  '"  »  •*"«'  ff"™  ^-  '*'<*"'*  *" 

Vauquelin,  in  which  M.  Projft  exprefTes  ht«  affonifhmflat 
concerning  sll  he  has  read  upon  palladrucn,  hlrff.  Fourci 
and  Vauquelin  furlher  declare,  a<  Iheir  opinion,  tliallhisco 
pound  mt-lal  docs  not  contain  mercufj'.  bul  ii  formed  of  plaihtf 
and  the  new  metal.  Whether  this  new  fubftance  does  or  doe)' 
not  play  a  principal  part  in  the  formation  ol  palladium,  conU^ 
not  be  afcertained  at  the  lime  my  eitperiraenli  were  ta»dti! 
becaiife  the  new  metal  ilfeif  was  not  then  known.  Km  fremt 
alt  that  MelT.  Fourcroy  and  Vauquelin  have  Hated,  in  fuel) 
their  dilferent  memoirs  upon  this  lubjefl  a;  I  have  fei-n,  tlisf 
grounds  of  their  fuppolition  have  not  appeared.  May  wenoM 
r^fer  their  opinion,  tlien,  lo  that  commoi)  propenllly  of  Hhtf, 
mind,  Bgainft  which  M.  Fourcroy  has  himfelf  warned  u»  witff 
eqtial  jujlnefi  and  eloquence  on  another  occallon,  namdyi 
a  pronenufi  lo  be  fttlured  by  nnvclly  beyond  the  boundi  of 
r.viional  belief,  and  lo  convurt  principles  which  are  new  I'tittf 
principles  of  univerfal  influence,  ' 

Mfff.  Roft  and  Mefl".  Rofe  and  Gehlen*  were  the  firft  among  the  GenmMl 
GcUcn,  chemifli  who  indiluled  experiments  upon  palladium  ;  and  If. 

Richler  has  alfa  publilhed  a  paper  on  the  fame  fubjef). 
-^itempwa  The  fint  attempt  of  MulT.  Rnfe  and  Gehlen  to  form  pg|> 

without  fucceft  lidium  ivas  by  the  precipitation  of  a  mixed  folulion  of  platit» 
diu'^'by''pl»ip-..  »"■'  'netcuT)  by  green  (ulphale  of  iron.  Their  refult  was  pre- 
utini  (  itiitfi  cifely  that  whicli  t  had  oUftfrved  when  my  (iperttions  failed 
tin««ndni»Kiin"''*'^'''^'  ''"^  "hicb  of  courfe  Was  the  moft  frequent.  Tht» 
t ji (r.  fuiph»w  method  wa^  repealed  twice.  The  fccond  lime  tiie  precipitate 
di  irunj,  „f  plgiinaaiij  mercury  WiU  boiled  with  muriatic  acid,  in  otdei 

to  tree  it  from  iron  ;  but  the  latter  trial  was  not  more  fuccefi- 
fal  tiianllte  former. 
— iud  ilfo  by         Their  ihird  experiment  was,  what  they  have  called,  ■  repe^ 
V*&ntU[gb^-    lit^n  „f  ,],at  in  which  1  had  obtained  palUdium  by  paffinj 
SijSi(h'ilw**"    current  of  Cilphurelted  hydrogen  gas  through  a  mixed  fotutK 
mlMd  foluEwa  i  of  platiiia  and  mr-rcury.     Tliuir  method  was  the  followii^ 

*  Nenci  Algemeinei  Joiirral  der  Chcmie  hcrvurgegeben  «M 
Hermftailt,  Khpruih,  Richtcr,  Schercr,  TfomlderlT,  uad  Qehll 
Etften  bmdes  funflts  htft, 

Thti 


ACTIOM   OF    PtATtKA    AND    HIKCVftT.  Ig5 

Tliey  dilTalved  one  hundred  snd  liny  grain*  of  plalinx  whb  bfaUinihjrim. 
fcur  Iniiidtcd  and  fiflj  of  inercur},  and  added  a  (ulution  ol  '^^''*-  "^  p"*^ 
lijrdrorulphuret  of  polafh.     They  obtained  »  preclpiiate  which,  dcm  ; 
ai  &!&,  was  Uacki  aflerwardt  gray;  but  ihc;  whole  became 
,   Uack.  by  being  Airrcd.     I'o  be  c«rtain  that  all  the  metal  was 
,   pruipitAied,  ihey  added  an  exceh  of  fulphutet  ot'polafli,  and 
jietceived  Uiat  a  pait  of  ihe  preLipitale  was  re-dillolved.  The 
liquor  wa*  then  filteied,  and  to  thai  pait  of  it,  which  conlaiDed 
^  Ihc  le-dilTolvcd  precipitate,  an  acid  was  added.    From  this  pro.  —but  ihtj  eb> 
.Ccf&  they  obtained  a  yellow  precipitate  weighing  ninety-one '?""''"  f*"^ 
.  {riuns  i  and  iifty  grains  of  this  expofed  to  a  lltong  heat,  left 
^  tliiee-etghls  ot  a  grain  of  plalliia.     They  obtained  nu  palla- 
I,  ^UMi  from  that  pact  of  the  precipitate  which  had  not  been 
ifTolved  i  aad  the  iclult  of  the  experimonl  waa  complete 
^ilore. 

1  QiaU  not  make  any  obfervalion  open  Ihp  ifTue  of  ihil 
,fiooe(i,  (ince,  in  thin  cafe,  the  Left  conduAec!  is  but  loo  liable 
<^  to  be  QnCuccefslul,  and  that  without  any  apparent  fault  in  the 
Dtteralor.  But  as  it  ha^  betii  given  at  a  repetition  of  one  of 
Biiiie,  it  may  not  be  fruillcfi  to  examine  how  far  the  repetition 
iras  exaS. 

I  had  palTed  a  cuirent  of  fulphurelted  hydrogen  gat  through  Thty  i\.l  not 
L   ff  Biikcd  fulutioii  of  plalifia  atid  mticiiry,  by  which  means  they  l^taaitMt^am 
precipitated  together.     M)  objc-^was  fo  intimately  to perimr-DC.    Il« 


curobine  fulpiiur  with  ihefe  metah 
Uiey  might  (if  I  may  beallowedliie  e 
t»nlafi  with  it  at  the  momenl  of  thi 
tad  at  a   low  temperature  t'lifliccK, 
||iela|>,  as  to  combine  patladi 
ihofe  elfcAs 
fiiK  mctcury. 


pofed  to  heal, " 

predion]  be  in  clicmicul  la  ilkilig 

r  nafcent  metallic  ftale  ; 

as  well  to  reduce  lliufe 

with  fulphur,  1  ho|ied  that 

be  produced  befure  the  total  diCfipallon  of 

far  my  txpeftjlion  was  fultilled  has  been 


,  filled  in  my  former  papci 

Tlie  fulphuretled  hydrogen  gas  which  MclTrs,  Rofe  and  — "d  ihii  1*9 
Geblcn  prelcnled  to  thofo  melalj  was  combined  with  poUlh.  J^ltt^'^'"' 
Now,  in  the  coiufe  of  docimaftlc  lecluret  annually  dehvered  mcicuiir ; 
^  hi,  Vauquelin at  tlie  I'kole  dcs  Mines  in  Paris,  when  he  was 

rpiaftttiii  at  that  eAablKlimenl,  it  was  his  conAanl  cuAoni  to 
fxhibit  an  experiment  topruvc  that  metcury.  precipitated  from 
iti  fululion  by  many  of  the  alkaline  and  earthy  hydrofulpliurel^ 
as  ie4iin»lvtd  h\  adding  an  escefs  ul  them. 


J 
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^^ut-MtlM         It  is  moreover  well  known^  that  there  is  a  ftrong  afEnit/ 
P**^^  >  between  potaOi  and  the  oxide  of  platina^  and  alfe  that  when 

thofe  fubilances  are  brought  together  in  folution>  a  triple  faltp 
but  little  foluble,  is  the  refult.  It  was  to  avoid  tbefe  dilficolties 
that  I  had  employed  uncombined  fulphuretted  hidrogen  gas;  for 
the  method  adopted  by  Mefl*.  Rofe  and  Geblen  appearing  to  me 
to  be  the  application  of  two  divcllent  forces  I  preTamed  that  it 
would  produce  a  reparation.  The  refult  of  their  experiment. 
which,  it  appears  from  their  paper,  they. had  not  anticipated. 
^..AtfoaUhavean  (hews  the  ncceffity  of  the  precaution  I  bad  ufed.    The  opera* 

^AT-^^    f%ff  jrltf    Aff% 

pofite  to  that  of  ^'^"  which  they  performed  to  unite  pialina  and  mercury  ,was» 

the  3u  hor*t        m  fa6^,  nearly  the  reverfe  of  that  which  they  fuppofed  tbejr 

proceu.  i^^j  repealed  from  me.  and  might  have  been  applied  perhaps 

with  a  better  profped  of  fuccefs  towards  the  decompofition  of 

palladium.  ^ 

Thry  c^uM  oot   '  Metf.  Rofe  and  Gdilcn  fecm,  in  many  parts  of  their  paper. 

fufe  platuu.       1^  queftion  my  having  fufcd  platina ;  and  inform  us  that  mU 

though  they  had  expofed  this  metal  in  the  furnace  of  the  Royal 

Porcelain  Manufa£iory  of  Berlin,  in  which  Wedgewood's  py« 

romcter  ceafed  to  mark  the  degree  of  heat,  they  could  not 

accomplilh  its  fution.     Many  of  my  friends  in  England  have 

however  feen  tlie  buttons  which  1  obtained,  and  which  were 

The  author  ufcd  not  few  in  number.     The  flux  which  I  had  ufed  was  bora^. 

******  But  no  mention  is  made  in  any  one  of  the  operations  of  MeflT. 

Kofe  and  Gehlen  of  borax  having  been  employed. 

Particular  ae*         Jn  many  of  their  attempts  they  obtained  an  irregular  and 

^^^  porous  mafs,  which  of  courfe  was  of  a  fpecific  gravity  much  in* 

ferior  to  that  of  platina;  and  it  might  be  iAFerred  from  their  paper 

that  the  diminution  of  fpecidc  gravity,  which  I  had  obferved. 

was  owing  to  the  fame  caufe.     It  is  true,  not  only  that  I  had 

very  often  obtained  fuch  a  mafs,  but  that  I  had  frequently  alfo 

obferved  no  diminution  w  hatfocver  in  the  fpecific  gravity  of 

the  button  which  refulted  from  my  operations.     But  all  thofe 

upon  which  I  had  founded  the  ccnclufions  alluded  to  by  MelH 

Rofe  and  Gehlen  were  performed  in  the  following  manner. 

A  He  Tun  cm-   and  have  been  repeated  iince.     A  Hcfiian  crucible  was  filled 

c  b!c  '..-k  ^•■"«'*    with  lamp-black,  and  the  contents  prefled  hard  together.  The 

'lamp-black  was  then  hollowed  out  to  the  (hapeof  the  crucible 

as  far  as  one-third  from  the  bottom,  leaving  thai  much  filled 

with  the  comprelTed  materials ;   this  lining,  which  adhered 

flrongly  to  the  fides  of  the  crucible,  was  made  extremely  thin. 

ia 
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io  order  not  to  obftnidt  the  pafTage  of. caloric.     A  cylindrical— -i  fmali  cylin- 
piece  of  wood,  as  a  pencil,  was  then  forced  into  the  centre of^^^Jj""^^/  *** 
the  thiek  ouifs  of  lamp-black  at  the  bo(toai»  and  the  diamcteriowerpaftof  the 
of  Chii  rod  wat  determined  by  the  quantify  of  metal  to  1)6 ^"'''^> 
teM,  or  iraried  acxrording  to  other  circum fiances  at  pleafure* 
In  general  the  axis  of  the  cylindrical  hole  was  aboat  three  of 
Mr  times  the  diameter  of  the  bafis.     After  wtthdrawin|ir  (he 
rod  the  crucible  was  about  half  filled  with  borax.     Upon  thi*— the  metal  oc- 
was  placed  the  metal  to  be  fufedj  and  if  it  had  been  before ^''^^  ,  ma&of 
melted  into  a  cylindrical  form,  the  axis  of  the  metallic  cylindeiV>rax  that  fiikd 
was  placed  horizontally,  and  was  of  coorfe  perpendicalar  ^^'^  ^^i^V^' 
the  axis  of  the  cylindrical  excavation  at  the  bottom  of  the 
cmcible.     More  borax  was  then  added  to  cover  the  piece  of 
tnetsl/  and '  another  quantity  of  lamp-black  was  prclTed  hard 
over  the  whole  in  order  to  keep  it  tight  together.     An  earthen 
cover  was  finally  luted  to  the  crucible,  and  in  this  ftate  i|  waa 
espofed  to  beat  in  a  forge,  in  which  upon  another  occafion^  I 
bad,  in  the  prefence  of  MefT  Hatchett,  Howard,  Davy«  and 
others,  completely  melted  a  (fellian  crucible  lined  and  pre- 
pared in  the  fame  manner.    The  fuel  which  I  ufed  was  the "-Arong  heat 
patent  coak  of  Meff.  Davey  and  Sawyer.     In  the  prefent  ex.^^*PP^» 
perimeiits  I  moderated  the  heat  fu  as  not  materially  to  injure 
4he  cmcible,  and  upon  taking  it  out  of  the  fire,  the  lining  was 
generally  found  fo  compa6t  and  fo  firm  that  it  remained  in  a 
foiid  mafs  after  the  crucible  was  broken.     When  the  metallic '—m^  i^^hen  tli6 
cylinder  occupied  the  fpace  at  the  bottom,  it  wa^  natural  ^o^^J^J^ 
fappofe  that  it  had  been  fufcd;  becaufe  in  no  other  (late  but  occupied  the  cy<« 
that  of  liquidity  could  it  have  run  into  the  mould.     In  order  !»«*«'i"\«*^'"*y 
however  to  prevent  all  objections  I  had  the  precaution  to  make  been  fufed. 
the  hole  of  a  different  diameter  from  the  metallic  cylinder, 
and  to  obferve  whether  the  neceffary  change  in  the  Qiape  of 
the  latter  enfued.     If  after  fach  a  ted,  repeated  as  often  as 
required,  I  perceived  that  the  metal  did  not  vary  in  its  fpecific 
gravity,  I  thought  myfe.'f  authot'ifed  to  conclude  that  it  was 
exempt  from  air. 

M.  Rtchfer  fays  that  he  had  hoped  to  have  put  himfelf  in  M.  Richter*i 
pofledion  of  a  confiderable  piece  of  palladium  by  repeating  "^^"|*PJ  •**^. 
with  minute  accuracy  the  procefs  which  I  had  recommended 
as  the  befl.     He  precipitated  a  mixed  folution  of  platina  and 
mercury  by  a  folution  of  green  fulphate  of  iron ;   and  after 
var}ing  the  fubfequent  operations,  to  .which  he  fubmitted  the 

product 
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produa  lie  had  oblained  by  this  melhod,  he  was  led  10  tin 
following  imporlant  cDncIalioni  amongd  olhers  of  ief*  confer 
tfuence.  I  fl.  Thai  two  meial«,  the  Teparale  folulions  of  whidi 
are  nol  a£)ed  upon  by  a  third  body,  itiav  be  a£ted  upon,  and 
even  reduced  to  ihe  melallic  flate,  by  that  fanie  body  when 
prefenled  to  Ihem  in  one  and  the  fame  folution. 

2dly.  That  meicury  is  capable  of  eniering  into  combinBlion  J 

with  platina  fo,  that  it  cannot  afierwardi  be  fepnralcd  by  tire.  I 

Ftom  the  firil  of  ihefo  conclufioni'  it  h  evident,  thai  melal*  in  I 

Iheir  inelallic  ftaie  are  not  incapable  of  chemicai  afiion  upon  ] 

each  other ;  and  from  the  fecoiid,  that  mercury  can  be  lixed  i 

(it  ii  putpofely  that    I    ufe   the  alchemical  enptellioii}    by  j 

pUtina.  1 

AtiewpBof  In  sddition  lo  the  chemifts  abovement toned,  I  mod  name  J 

KlTpTuth':  not    '""  '"*"'  "''"  "'  Germany  have  been  occupied  by  palladtuni. 

(HKcTsful.         m,  TremrdorfF,   in  a  letter   to  the  Buthors   of  the  journil  1 

alteady  quoted,  mention)  his  having  made  Tome  fniillefi  at* 

terapi  to   fonn    llu»  combination;  and   KUproth,  in  a   lelfcr 

to  M.  Vauqiielin   publiQied   in   the   Aaauln  <tt  Clitmir,  foi  . 

VcDtofe,  an  12,  likewifu  fays  that  he  could  nut  facceed  in  ' 

produciu);  pallaUiuin.  . 

Remuki.    The      Mefi.  Rofc  and  Gehlen,  ai  well  af  M.  Richler,  hadcoiw. 

*xDca£d*™i'm-*^''^  *^^*"''  "'J'  Paptra  reliance  on  the  fuccefiorihftirenpert  I 

cecd  in  I  few     rienis,  which    no  words  of  niine  had  authorilcd)   and  hav«  | 

ta*'''  nitmW  to  ■**"'^"'  ■""  "'^  enforcing  the  Irulh  of  niy  refuits  with  a  d^ren  I 

(be  luihoi'i        of  cerlainly   vvhich  their  obfervatioos  do  not  counieiMIKC, 

piptr;  i^f,  Richter  fuppufcJ  that  the   lormalion  ol  palladium  wu 

attended  with  no  diSkully ;  and  in  grncrjl  they  have  laid  fa  ' 

rouch  flrefs  upon  this  charge,  that  1  fliould  be  inclined  ts  . 

think  my  Paper  had  not  been  read  by  Ihele  chemiAs.     lo  ' 

referring  lo  it  again,  I  find  there  is  hardly  a  page  in  which  I< 

do  not  mention  fome  failure,  and  no  experiment)  of  the  veTj 

few  which    occalionaily  facceeded,   ii  related  without  taj 

Haling  at  the  fame  time  that  it  was  repeatedly  unfuccefsful. 

Ai  far  as  regards  palladium,  it  is  rather  a  narration  of  fralllels 

attempts  than  a  dcfcriplion  of  an  infallible  proueri,  and  mora  J 

likely  to  create  averli6n  lu  the  purfuit  than  to  infpire  a  conGv  ' 

Hciiiidcnun)!    dence  of  fuccefs.     The  courfe  of  experiments  which  I  had'. 

huodrtdi^<.[^ci-  inaje^  as  welt  before  as  aiier  leadiag  my  faper  to  the  Society* 

ruccredcd  com-   loi>k  nie  up  more  than  iw»  monthi,  and  employed  me  from 

^-'^  Luiloar  lyyeive  lo  fintcen  houxa-almolt  every  day-    I  had  friqueoily' 

fcit:(^ 
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k  Seven  or  cighl  operaliont  in  ilie  forge  lo  peHbrm  daily,  and  I 
I  «lo  not  euggerile  tli«  nurabet  of  aliempis  I  made  during  thii  i 

t  timv,  ai  well  in  iKe  dry  b^  in  lliehumid  waj,  in  Rating  them 
1  lo  have  been  one  ilioiifind.  AmongO  tliirfc  t  had  four  fuo 
t  oeliiiil  operslioni.  I  i>etfevctrd,  bet/aule  even  in  my  tailored 
I  Taw  fulEcieni  to  convince  nie  ihat  1  Oiuuld  quit  the  road  to 
tnilh  a  I  dcfifled.  Afier  all  my  labour  and  tati£;uo  I  cannd 
by  (hat  1  had  come  nearer  (o  my  6t^e&,  of  obiainin^  morft 
ceitainty  in  my  prncviri^i.  Their  rucx:«ri  was  fliil  a  hazard  on 
the  dice,  againii  which  there  were  many  chiiiK'es;  but  till 
olbert  had  thrown  a«  ofWn  as  1  had  done,  Lhey  Irad  no  folJd 
right  to  deny  the  exiflencc  of  liich  a  combinatioo.  On  thfi 
foundation  none,  I  believe,  have  eUabliflied  fuch  a  rij^. 
AI«ls.  Rufe  and  Gohlen  du  not  lay  how  nfion  thvir  experi- 
Moeati  were  repealed  j  tuil  il  i«  probable  thai  if  they  bad  bren 
performed  very  oflcn,  llicl'e  auihori  would  not  have  negk-Aed 
to  mention  it.  M.  Richicr  Itules  bis  merely  «i  preparatory 
lo  more  cxienfive  refearchis;  and  M.  TromfdorlT,  at  well 
SI  M.  Klaprulh.  mention  liitic  mnre  than  the  fa&.  If  the 
GeriBai)  ehemifti  have  concluded  sgaiiift  my  rel'all<t  lhey  have 
done  (o  without  juD  ground',  and  without  having  hefloweij 
upon  iheni  thai  labour  aiid  alfiduity  lor  which  they  areufuaHj' 
fe  rcntarkable. 

In  (his  flaie  of  anrerlainlv  the  compound  nature  oF  palla-  M.  Rittn-  dw 
dium  received  an  tndrrecl,  but  a  vtry  able,  lupnort  from  dime  f""?'!^'** 
expe>imcnt&  ol  M.  Ritlcr,  (he  cekbraled  Galvanilt  at  Jena,  the  mdei  of^ii- 
M.  Riller  had  afceriained  the  rank  wf.ich  a  greater  number  of  "^"^  "'"i™  « 
fubllaocei  hiild   in  a   MaUaoic   feries,  arranged  according  lo 
Jhe  property  they  polt^ri  of  becoming  pofitive  or  negiiiive 
when  in  contact  with  eadi  other.     He  bad  efhbliflied  the 
fiillowini;  order,  ibe  preceding  fubnanc'  b«ing  in  a  miiiia 
relation  lo  that  which  come*  next.     Zicc,  lead,  tin,  iron,  bif< 
ntuth,  cobalt,  antimony,  plaiina,  gold,  mercury,  lilver,  coal, 
galena,  cryftalbzed  tio  ore,  kupfer   nickel,   fulphor,   pyrites, 
copper  pyrites,  aifenical  pyrili^s,   graphite,  cryflallized  ovide 
«f  manganele.     He  had  the  goodnefc  to  try  palladium  in  my  He  round  pi 
prefcnce,  and  found  it  to  be  removed,  not  only  from  what  I  ''"'"j°'*^ 
bclisved  (o  be  ilt  conltilttem  parii,  but  aliogelher  front  among  g^er  (mm 
ihemelal',  and  loftandbetweenairenical  pyriiusand  graphite,  '"""t  *;  me. 
Tltii  refull  led  Mr.  Kilter  inlu  a  new  and  general  train  o*  "oailj  i«^:«r 
earontng,  ami  induced  him  lo  undertake  the  eKaminalion  of  a 
great 
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greal  number  of  alloyf,  and  of  a  variety  of  amalj^amf.     H^ 
t'oniidered  the  fubjed  a%  a  philofopher;  and  hix  operations 
were  thofe  of  a  con  Cum  male  experimental!  ft.     It  would  be 
doing  him  an  injufiice  to  attempt  an  extra6l  of  hts  ingenious 
paper,  which  contains  a  ferres  of  the  mod  interefling  experi- 
Otherinterefting  ments.     1  fliall  merely  obferve  for  the  prefent  porpofc,  thai 
k  very  rarely  happened  that  the  mixture  of  two  metals  bore 
9ny  determinate  relation  to  the  fame  metafs  when  fcparatc; 
that  ill  erery  cafe  the  fmalleft  variation  in  the  proportion^ 
produced  the  mod  marked  effeAs ;  and  that  M.  Ritter  has 
turoittied  iii  with  an  internment  calcnlated  to  detefl'  the  prei 
(itace  of  fuch  fmall  quantities  an  have  hitherto  been  cditfidered 
as  out  of  the  reach  of  chemiHry.    As  palladium  prefents  a 
very  flriking  inftancoof  the  anomaly,  to  which  M  oiMnpounds 
feem  to  be  more  or  lefs  fubjedl,  by  being  removed  altogether 
from  the  feries  of  (imple  metal.*,  this  may  ferve  to  fupport  the 
otiief  proofs  of  its  compound  nature* 
TIieobjeQonto      Que  of  the  principal  objeAicms  of  thofe  who  drfpute  tb^ 
*^d»fioM*haTe^'"^^*''  my  conclufions  with  refpeA  to  palladium,  is  grounded 
■ot  paid  attcn-   upon  the  re{)eated  bilure  of  all  the  methods  I  had  made  ufe  of 
tiontothe  ic-     :^  forming  it ;  but  this  cannot  be  of  very  great  weight,  when 
all  his  ucthoif.  wc  coniider  the  uncertainty  of  many  other  operations  of  che* 
niidry.    The  mod  fimpleare  fometimes liable  to  fail:  and  the 
eaiielt  anaUfes   have  often   given  different  produ6)s  in   the 
hands  of  diflferent  chemifts,  who  yet  enjoy  indifputable  and 
equal  rights  to  tl>e  title  of  accuracy.    The  progrefs  which  we 
have  made  in  fome  parts  of  the  fcience  has  not  removed  the 
obilacles  which  impede  our  advancement  in  others.     We 
have  no  method  of  proving  the  truth  of  an  experiment  ex* 
ceptby  repeating  it:  yet  this  often  tends  to  (bow  nothing  more 
than  contradictory  refults,  and  confequentJy  the  fallibility  of 
the  art. 
A  Tec<!nt  cafe  in      But  a  recent  cafe  has  occurred  which  i%  perfectly  analogous 
ehemmry  which  j^  jj^j  ^f  palladium.     A  few  yeari*  ago  Profeflbr  Lampadius, 

upcrfedly  ana-  *         ,.-.,..  r  r  *  n  *  -  %  •.-•ii  ■ 

Wgooi  to  thu.  in  diftilUng  tome  lubUanccs  which  contained  tulphur  and 
charcoal,  obtained  a  liquid  produ6l  of  a  peculiar  nature.  He 
repeated  his  experiments,  but  in  vain  :  and  after  many  fruitlefs 
attempts  abandoned  his  refearches,  ftnfl  confined  himfelf  to 
ftaiing  the  fa^  to  the  chemical  world.  Little  notice  was  taken 
ol  i(»  and  not  much  interefl  excited  by  an  experiment  lb 
likely    to  fail.    Sumo  lime  after  this  Mefs.  Clement  and 

DcformiCa 
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Ddbrmes  obtained  the  lame  refult,  and  attempted  to  produce^'^<j<>v»y  o^  t^ 
the  fabftance  a  fecond  time.    They  performed  a  vaft  number  ^f  Lm^^us, 
of  experiments ;  but  their  fuccefs  bore  no  proportion  to  their  which  he  could 
diligence  and  seal.    They  pobIi(bed  an  account  of  their  procefs  C^"^^^^^ 
and  its  coofequences^  but  gained  h'ttle  credit,  as  no  perfon  •are  oaiy  wttl&eA 
was  fortunate  enough  to  produce  the  fame  fubftance.    Many  yJl^P^"'  **** 
diibdieved  the  experiments  altogether,  and  denied  the  ex- 
ifience  of  foch  «  combination  ;  whild  others  iofs  inclined  to 
doabty  attributed  its  formation  to  fortuitous  circumftances 
which  night  never  again  occur  together.    In  February,  1804*9  T^^i'^vaitDr 
Profeflbr  Lampadius,  in  didilKng  fome  pyritized  wood,  though  f^ld^cc]  and  it 
with  a  different  inteot,  obtaincKl  the  fame  fubdance.     As  he  can  be  produced 
had  it  now  in  his  power  to  obferve  the  phenomena  that  ^(.  *<  P^^^^'c* 
tepded  its  fiorroalion,  he  difcovered,  and  has  coromuoicated  to 
th^   world,  a  method  of  producing  it,   which   never  fails. 
Since  his  late  paper  upon  the  fubjed,  as  the  neceflary  pre* 
caotions  can  be  followed  by  every  chemift,  Mefs.  Clement 
and    Deformes   have  obtained  that  credit  to  which    tlieir 
experiments  had,  in  truth,  always  been  entitled;  and  the 
formation,  of  what  ProfelTor  Lampadius  terms  his  fulphur* 
alcohol  is  no  longer  a  refult  of  chance,  €>r  accounted  for 
by  being  fuppofed  one  of  thofe  fublerfuges  to  which  human 
pride  reforts,  in  order  to  fpare  itfelf  (he  conCeflioti  of  human 
weaknefs. 

The  obfervation  of  any  new  fa6l  becomes  a  matter  of  general  New  h£H  mt  ti 
concern)  and  truly  worthy  of  phiiorophic  contemplation,  then  ^xt^fivc  their 
only,  when  its  influence  is  likely  to  be  extended  beyond  the  relations,  dect 
iingle  inflance  lo  which  it  owes  its  difcovery.  Whether  water 
were  a  6m pie  body  or  a  compound  could  have  been  of  little 
importance  as  an  infulated  lad ;  but,  connected  with  the  vaft 
chain  of  reafoning  it  gave  rife  to,  it  opened  a  new  field  for 
genius  to  explore.  If  in  the  prcfent  c*are  our  refearches  were 
to  be  confined  merely  to  afccrtaining  whether  palladium  were 
a  fimple  metal  or  a  eoropound,  all  the  advantages  likely  to 
eriie  from  the  fa^ls  obferved  during  the  inquiry  would  be  loH ; 
and  an  objed  of  the  mofl  comprehenilve  interefl  would  thus 
fink  into  a  controverfy  concerning  (he  exifience  of  one  more 
of  thofe  fubflances,  which  we  have  dignified  with  (he  name  of 
elements.  It  was  in  this  point  of  view  that  Mefs.  Richter 
and  Kitter  conisdercd  the  fubjcdl  as  far  as  ihcy  wait,  and 

2  a  few 
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a  few  fk€ts  are  dated  in  my  firft  Paper  in  fupport  of  tl>c 
opinion,  that  palladium  is  but  a  particular  inllance  of  a  gene- 
ral truth. 
CMidaions  By  taking  the  reafoning  on  this  fubjed  lhen»  in  its  wideft 

SjLhSTte  extent,  we  (hall  be  led,  I  think,  to  the  fallowing  condafion  : 
tikcn  for  fimple.  That  metals  may  exerctfe  an  a^ion  upon  each  olbar«  even  in 
^e^^^°  their  meUUic  (late,  capable  of  fo  altering  (bme  of  their  prin- 
d&flUttlt.  cipal  properties  as  to  render  the  pretence  of  oao  or  more  of 

them  not  to  be  detected  by  the  ul'ual  methods*  In  this  is  con^ 
tained  the  poilibility  of  a  compound  metal  appearing  to  be 
firaple;  but  to  prove  this  muA  be  ii  work  of  great  time  and 
perfeverance ;  and  can  only  be  done  by  oonfidering  fiogly 
and  fucceffively  the  different  cafes  which  it  contains,  and  by 
iuAituting  experiments  upon  each.  When  an  affinity  which 
unites  two  bodies,  and  To  blends  their  diflerent  prapertiei  aato 
make  them  apparently  one,  has  taken  its  full  tBi€i,  it  will  not 
be  eafy  to  feparate  tliem ;  and  this  will  be  more  particularly 
the  caie  when  neither  of  tho(e  fubftances  is  remarkable  for 
exercifing  a  powerful  a6lion  upon  others.  The  method  of 
anal)fis  therefore  does  not  promife  much  iticoeb;  and  the 
labour  of  fyntheds  is  fufficient  to  deter  any  individual  from  the 
undertaking. 
pbtTnaafh)  mer-     ]t  is   my  intention   now  to  exhibit  one  example  of  tny 

*aeb  oSier  and  P'^f***^"*  **"^  *®  prove  that  plaitna  and  mercury  act  upon  each 
di^^fe  tbc  pro-  other,  in  fuch  a  manner  as  to  difguile  the  properties  of  both, 
iptks  uf  each,    j  jy^gH  therefore  wave  for   the  prefent  all  confideration   of 

palladium,  which  is  in  fa£l  hot  a  fubordinate  indance  of  thQ 

cafe  before  us. 
Example;  Plati-     When  a  fulntion  of  green  fulphate  of  iron  is  poured  into  a 

iTtiienirtSk^ '^^ "*"***  of  platina,  no  precipitate^  nor  any  other  fenfible 

ftate  by  green     change  enfues.    This  I  had  already  obferved,  and  it  has  fince 

folph.  of  irwi^  l^ggjj  confirmed  by  all  who  have  written  upon  the  fubjed. 

U  prcfsnt ;  but  But,  if  a  folution  of  filver  or  of  mercury  be  added,  a  copious 

aotclfe.  precipitate  takes  place.     This  precipitate  contains  metallic 

platina  and  metallic  iilver  or  mercury ;  fome  muriate  of  one  or 

other  of  the  latter  metals  is  alio  prefent,  as  it  is  not  eafy  to  free 

the  folution  of  platina  from  all  fuperfluous  muriatic  acid,    fiat 

thefe  falls  are  of  %o  importance  in  the  experhnent;  and  can 

be  feparated  by  fuch  methods  as  a  knowledge  of  their  chemical 

properties  will  eafily  luggeft.    The  proper  obje^  of  conQde- 

faliqp  is  the  redudlion  of  the  platipa  to  the  metallic  flate, 

V  which 
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tvhich  doet  not  happen  when  it  it  alone.  I  have  irW  to  prn- 
duce  th«  fame  ctTt-'d  wilh  ollict  meitU  and  plaMna,  liul  1  Imve 
nut  obfei ved an V  tiling  timilat.  Ii  >%  Ihorelure  tjirlo  conclude, 
lliat  when  s  toiulionof  plalitialtprecipilalcdina  mclalltc  Dale 
hj  m  Matioa  uf  green  (ulphatc  ul  nun,  either  lilvei  or  nturvury 
u  prercnt. 

Tbe  precipilalion  of  ■  mtxeH  r«>lu(ion  of  plalina  and  Ijlver  V'tmc  of  swg 
tn|a!ict  no  foriliei  c&uLion  than  lo  ffee  the  fall  ot  pUiina^i  BUrn^hT**! 
nocli  a^  pollible  rrom  muriatic  acid  :  for  u  I  obfervud  in  m)  idtwn  i  triptc 
ixumet  Pwer,  the  vfledofnitraie  of  filler  poured  into  tnuri;U«,  ■""''•wof  pL 
nl  plaHiia,   H  10  produce  a  preejpilaie,  not  ut  inunaie  of 
filver,  but  ol  a  triple  rnuriAle  of  pUuna  ■»!  filvcr.     It  wat 
bjr  Uiit  BXperiinent  iliat  I  then  proved  iKe  affinii)  of  llidi:  iwa 
netatx;  int  when  lilver  i«  not  prefanl,  miiiiaic  of  pUlina  U 
Bmang  (he  moA  foluble  fjlli.     Tlie  bed  meijlud  of  prereiilinn;  Vnad:  nKih«J 
the  three  folotiom  of  plaiina,  fil  vei,  and  gtcen  ftilphale  of  iron  "'  P^tip- f '■  " 
lo  tmch  other,  n  (irft  to  pour  llie  hlt(-ri:d  fulutiiin  uf  tliu  Ulf  t^\{,c  atu  by 
iitla  the  liJmion  of  plBlil^a,  ami  then,  after  niiiting  Ihetn  llio-  '"'P^-  ''«^        1 
roughly  leather,  to  add  the  foluiion  of  filver  by  dcg'ccs  md 
ta  llir  them  conllantly.     In  this,  at  in  all  fimilar  upcraibiif, 
the   prefencc  of  all  acids,    fait",   &c.   excepting   ihpfp  ne. 
K>^fiuf  (at  the  operation.  fluiuM  be  avoided;  and  if  proper 
pfopoitiuns  have  bten    ufe.J,   and    all   circumfiances  attend. 
ed  to,  the  prccipilatiOH  of  tbefe  two  nictaU  tvill  be  very 
complete. 

Hut  the  prpcipilatjou  by  a  folulion  orinercitry  require*  to  be  Tlw  fiTnc,  hii 
(lu-tlier  coiiliilered.  a*  the  flale  of  uxidizemcnl  ul  ilii»  metal,  "■'''  '"'""<"  •* 
M  well  at  the  acid  in  which  it  19  drlTolvci),  pTodiipeg  «  conli- 
drrableinoiiFicatiDn  in  llierefult,  In  the  liiA  place ilic<iKi<le, 
Bllbemimniuin  ufoKidizunient.  dilTolved  in  muri^itie  acid,  is 
unfit  for  tlic  e^perinienl ;  aud  even  the  ted  nxide  dilTolved  in 
Uk  fame  acid,  or  corrofive  fttblitDale,  it  not  the  moD  advan- 
tageoui.  VVhen  a  warm  (blutioti  of  the  lat)eri<  poured  into  a 
mixed  folution  of  plaiina  and  green  fulphale  of  iron  alfo 
«r>rin»  a*  in  the  cafe  of  filver,  ihefe  fubllancei  are  brought 
into  conlafi  under  the  moll  favourable  circumllancc'i.  Vet 
even  thm  the  precipitation  i*  (lowly  an4  impprffSiy  fiiriaed, 
aben  not  till  |i*veiai  hourt  have  elapli^d ;  and  fometimet  a 
■very  great  deficiency  of  vvcight  n  ubferved,  bclween  Iheqonn. 
lilie«  ofed  and  ihofc  recovered  dire£lly  by  lhi<  method.  If  a 
iblulion  of  luiiite  of  mercury  be  nfed,  the  efltfl  ii  proditced 
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more  rapidly,  and  the  precipttale  is  more  abundant.    The  pre*    ^ 
dpitation  of  muriate  of  plalina  by  nitrate  of  filver,  and  the  '  , 
cocnbtnation  which  enfues  from  it»  fuggefled  (o  me  an  experi- 
ment which  I  muft  Hate  at  lengths  as  from  (he  refult  of  it 
confequences  are  deduced  which  modify  fome  of  the  experi- 
menls  of  my  former  Paper, 
Mercury  'iC-  It  occurred  to  me  ihat  sK  method  of  uniting  platina  and 

Jlhlium'of'^^^^  mercury  without  the  intervention  of  any  other  melal,  or  of  any 
tion  will  fall  in  a  fubflance  but  the  folvents  of  ihefe  melals  might  be  accom- 
tiipie  Mt  with    piijy^  ^  j„  ^^  ^j-^  Qf  gj^^f  3^j  plalina.    I  therefore  poured 

platrr.a  without     *^-,.  -.  -  i.iri-L-  l' 

ai>y  addft'on  of   &  loiution  of  nitrate  of  mercury,  which  lolulioa  being  at  the 

fuJpii.  irufu        roinimnm  of  oxidi^ement,  confequently  formed  an  infoluble 

muriate  with  muriatic  acid,  into  a  folution  of  muriate  of  platina* 

The  refult  was  a  triple  fait  of  plalina  and  mercury,  which 

when  the  mercury  was  completely  and  totally  at  the  minimum 

of.  oxidizement  was  nearly  infuluble.     To  procure  it  in  tbit 

iiate  it  is  fufiicient  to  put  more  metallic  mercury  into  dilute 

nitric  acid  than  the  nitric  acid  can  ditTplve,  and  to  boil  theofe 

together.    Tliis  triple  fall  of  platina  and  mercury  (hall  be  pre* 

fently  examined.     From  this  it  is  evident  than  to  produce  the 

union  of  platina  and  mercury,  the  latter  being  at  its  minimuni 

of  oxidizement  in  nitric  acid  the  addition  of  green  fulphate  of 

iron  is  fuperfluous. 

Kot  iu  if  (he  But  if  mercury  be  raifcd  to  its  maximum  of  oxidizement  in 

fn.:cury  l)e  at     njtric  acid  the  cafe  is  difiercnt,  for  no  precipitation  occurs  till 

the  maximum  of  %       rr^  n. 

pxidiacvient.  the  green  fulphate  of  iron  is  added.  The  molt  advanta- 
geous method  for  precipitating  platina  and  mercury  by  green 
fulphate  of  iron  is,  I  believe,  the  fallowing.  Mix  a  folution 
of  platina  with  a  folution  of  green  fulphate  of  iron,  both 
warm,  and  add  to  them  a  folution  of  nitrate  of  mercury 
at  the  maximum  of  oxidizement  alfo  warm.  It  is  neceilary 
to  avoid  cxcefs  of  acid,  fait,  &c.  in  this  as  in  all  fuch  cafe?. 
With  due  care  the  precipitation  of  Loth  metals  will  then  be 
comnltte. 

s  ^  ■ 

\VK-rK?i  Tr.T-        By  comparing  the  experiments  made  with   mercury  and 

^•'h-"^/    '•       plalina  with  tliofe  made  with  filver  and  platina,  a  firiking 

h.  gircniMiphare  relomblancc  will  bc^buud.     This  induced  me  to  purfue  the 

cj  iron  ?  &c.      analogy,  and  to  examine  whether,  independently  of  the  aflion 

of  platina,  mercury  had  not  the  iaraenroperty  of  being  preci* 

jntatrd  by  green  fulphate  of  iron  as  (ifver.    Nitrate  of  filver  is 

^precipitated  by  green  fulphate  of  iron,  but  niuri«te  of  filver  b 

not 
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BOt  fenfibly  aded  upon  by  the  fame  reagenf.  The  inroIiibttitT 
of  muriate  of  lilver  might  be  allcdged  as  the  caufe  otihis  iff 
kad  not  tried  (he  expertment  hy  pourini;  nitrate  of  tilver  into 
gram  mariate  of  iront  in  which  cafe  all  the  fubilances  were 
prefenled  to  each  other  tn  folution.  Thu  rerait  wa<  not  re- 
dodion,  but  muriate  of  (ilver  and  ntfrate  of  iron,  'f  hi«  (act 
refti  upon  a  much  more  extenlive  haiii  than  mere  mechanical 
dicomftances ;  and,  if  purfued  with  the  intention  it  dcrfervcs 
it  would  lead  us  into  the  wide  cKpanfe  of  complicated  aflimiicii 
and  their  relations.  From  reafoning  alone  we  Ihou.'d  be  did 
pofed  to  think  that  an  acid,  fo  eafily  decompofcd  as  the  nttrir. 
would  be  fuflficient  to  prevent  the  reduction  of  a  metal  which 
it  can  difllblve.  But  on  the  one  hand  it  can  fpend  its  oxygen 
■poo  a  part  of  the  oxide  of  the  green  fulphate  of  iron,  while 
on  the  other  its  aflinity  for  oxide  of  diver  is  not  fiowerful 
cnoogh  to  retain  if,  when  there  is  another  part  of  the  oxide  t)f 
iron  prefcnt  to  deprive  it  of  oxygen.  But  the  affinity  of 
laariatic  acid  for  oxide  of  lilver,  one  of  the  (irongcft  at 
prefcnt  known,  is  fufficienl  to  counterbalance  all  the  oliier 
forces.     There  are  many  other  indances  of  tiie  fame  kind. 

If  then  a  tbiution  of  green  fulphate  of  iron  be  brought  into  Mercury  inm- 
contad  with  either  foluble  or  infoluble  muriate  of  mercury,  no  ^.[^  *^*^  '*^^ 
reduaion  takes  place  ;  but  it  mercury,  whether  at  the  maxi-  by  gr.  fulph.  of 
mum  or  the  minimum  of  oxidizement,  be  dilTulved  in  nitric  '^"* 
acidf  and  green  fulphate  of  iron  be  a(]ded,  the  mercury  is 
precipitated  in  (he  metallic  (tate. 

Thefe  experimezUs  are  much  fironger  examples  Uian  the  Thefe  ivntrlc- 
former  of  the  efreds  produced  by  complicated  affinities.    They  J^^^'ibltt'fcf  ^' 
are  of  importance  not  only  as  objeds  of  general  confi deration  mtrly  ftat:^. 
but  in  their  application  to  the  prefent  fubjeft.   They  mofl  ma- 
terially modify  and  are  indifpenfabie  lo  the  accuracy  of  the 
refults  I  formerly  (hted;  but  I  was  not  aware  of  them  at 
the  time  I  firft  engaged  in  the  invefiigatioo  of  this  fubjedl.     i 
can  alfo  now  explain  a  very  material  difference  between  fome 
proportions  obferved  by  M.  Ilichter  and  myfelf  in  an  espe- 
rimeot  which  that  chemift  had  made  as  a  repetition  of  one  of 
mne. 

I  had  poured  a  folution  of  green  fulphate  of  iron  into  a  Precipitaiian  a§ 
Iblution  of  lOQ  parts  of  gold  and  1200  of  mercury,  and  hnd  g^  ^jf*^j|^^ 
obtained  a  precipitate  confifting  of  100  of  gold  and  774  of  ot  ir«u:  repeated 
moKury,     M.  Riehtep^  repeated,  at  he  teems  if,  this  expeii.  ^J  UcbcKc 

ment; 
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menl ;  (hal  is,  tie  ured  lOU  of  gold  and  300  of  mtTcary,  Mn4 

obtained  a  precipililc  weighing  1X12,     He  is  Turpciled  at  lh« 

diflerence   of  wetghl  bdwei-ii   <iur  rrliilti,    which   might  btt 

uwing  to  l)i(  method  iit'  repeating  iii';  expwimeut ;  but  llie  Teal 

cauTi;  of  llii4  diflifrence  lies,  ««  I  fuppofi-,  in  my  having  acci- 

denully  ufcd  nitrate   indead  of  muriale  of  mercury.     I  had 

never  obferved  that  with  mercury  and  Giver  ihii  operatios 

had  ikiled,  and  it  tnolt  have  been,  b«ciu(e,  on  account  of  tit* 

known  efied  of  muriatic  flits  upon  ihofe  of  filver,  I  had 

naturmlly  avoided  ufing  a  muriate  of  mercury. 

The  IlitE  nrm-      But  the  Itate  of  ihc  nitrate  of  mercury  which  \%  ufed  with  s 

iJ»(ioo  of  *«  ■>'-  foluiion  of  gold  is  noi  inHi8erciil.     h%  green  fulpliate  of  iron 

ard  v/itli  the  lb-  reduces  mercury  when  dmnlved  mi  mine  acid,  ai  well  as  gold* 

lutionofKoliinnfii  J,  ncceffary  to  mix  the  folulions  of  thofe  mciali  before  tfaa 

(he  minitnuni  of graen  ftilphale  of  iroo  i^  added,  it)  order  that  both  may  btt 

««i*j(icmp«-     atled  upon  together.     If  (he  niirate  beat  tlie  minimum  of  oxl> 

■ait m«<llic  gold  "li*""'*"'-  aptecipilaleiaiminedJatdy  formed  upon  mixing  lh« 

t«il,dovm;  folutioni  of  gold  and  mercury.     Caloniel  \%  produced  by  th« 

mutiaticacidnf  the  fnliition  of  gold  and  ihe  ovtdc  of  mercury  t 

wliillt  the  gold  is  reduced  lo  the  nielallic  (late  by  a  portion  of 

tlie  uxide  of  mercury  becoming  more  oxidized,  and  forming' 

the  foluble  rounate.     The  precipitate  canlifli  of  caloreel.  of 

metallic  gohi,  and  of  a  \'ery  fmall  portion  of  mercury  which  I 

believe  to  be  in  the  fame  ftaie  [  ray  reafon  for  thinking  fo,  i% 

llial  1  have  ottcn  obferved,  that  a  glafi  vefTcl  in  which  I  h»d 

fublimed  fome  of  It,  wan  hned  wiih  a  thin  gray  metallic  coal. 

burifthenH-  ir,  on  the  contrary,  a  nitrate  of  mercury  be  highly  oxidized, 

u!lu  Mil  till  ii>c  '"'  P'^iptlslB  oof  reduAion  of  gold  lakes  place  until  the  greeft 

irc«n  (g||>linc  of  fulphftle  of  iron  is  added.     But  at  any  rate  the  precipitation  «f . 

IroD  11  (dJcd,      pjjj  ^ijjj  mgjpijfy^  gf  Qj'  filver  and  mercury  by  green  fulphatn 

of  iron,  cannot  be  adduced  as  an  argument  to  fupport  tk 

aflinity  of  ihele  metals,  lince  ihe  efled  it  the  fame,  whethi 

they  arc  feparato  or  united. 

Thefe  prelirainaiy  confideration*  were  neceflary  as   wcQ' 
for  the  rectification  of  my  fornKT  expefimenis  as  for  the  piiib 
fuil  ftf  my  prefeni  objofi ;  and  now  to  return  lo  plalina. 
Ei^iimin:*  Eipff.  I.   if  a  foluiion  of  highly  oxidiztd  nilralg  of  morcurf 

r.  MUch^thc  ^  poured  into  a  mixed  foluiion  of  plalina  and  green  fi)lpha(» 
faighlx  0iM.  fol.  of  iron,  the  firfl  aAioQ  which  lakei  place  palTei  belwetv 
^TnM  I'LCi"  "*"  """ia'«  »c'''  o"'  *•"«  folution  of  platina  and  the  oxide  of 
riUtiMnrr'^L  nercury,  by  which  a  muriate  of  roercurjr  is  formed,  but  retail 
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IB  fetolioo.    Till*  effea  mates  il  a.Ivanfageoai  to  ufe  a  greater  »^J  gr^fttlpti-  of. 

i^avilily  of  the  roluiion  of  mercury  than  is  merely  capable  at^°'^\,  pj^mi  mS 

dwwipg  down  the  given  fjiianlity  of  plallna  al<iiig  wirh  ilftif  nit«»ry  umttd. 

ID  ihe  f'Um  of  3 metallic  prectpilale.     Wlicn  Ihiipreapitale  i< 

WBlbed  nnd  dried,  it  will  be  found  to  weigh  much  mote  than 

Me  original  tjiiantiLy  of  philna;    and   the  augmenution  vf 

Vici^lil  ha<  no  limit  but  ifiofe  of  ihe  mertury  and  Ihe  green 

lvfDlwt«  of  it*m  emploved.    But  e^-en  after  fliiric  acid  lias  f>«n  P"iof  tholnMr 

.     ■'  r     .'  ,  .         ,  ,  ■  . .   .    il  ditendeJ  from 

iKiiM  fora  hmg  lime  and  in  great  quantilie';  ljjhili  rhis  precipi-  „imc  .^j, 

tale,  uniil  tt  mt  longer  dilTolves  any.pkrl  ol  i^,  'iHcie  llitl  ri- 

Inaim  more  undiffolfred  mailer  Itian  the  original  weiglit  of  tbu 

plntioa  iifed  in  (he  eKperiitietit.     By  e^pofurc  to' Ileal  tiltlc  "««  *''«""* 

more  i«  left  !n  generil  ihah  Ihe  original  plaiTnai'and  toiiie- '*  "*'*"'''' 

|ime«  r»ert  a  rfitntniirinn  may  be  'obrelvcd ;   Tor  a'n'tlie  evperi- 

tntnt  il  not  itimdeJ  w^fli  nniform  fucccr*,  il  <Iok's  no!  alwayi 

llspfien  that  the  iv hole  of  "the  plallna  i^  preciptlaled,  bai  a 

^tion  of  it  «il!  fomeiimM  rcfift  ihi:  aaion  of  the  green  ful- 

Jikate  (if  iron,  even  when  fuflicieiil  mercury  ha*  been  ufed. 

Before  llie  precipitate  ha»  been  expofed  lo  heal  ii  is  rJiltJilved  Tht  componttd 

toiore  eafily  thanplalina  by  iiititi-murJjtic  acid  ;  and  the  fulu-  ^'^j'ful'uhk 

lion  wheii  nearly  in  a  neutral  fiale  gives  a  copious  metallic  thin  nljt.  in  n. 

pfcetpHale,  (yet  not  equal  lo  Ihe  quanlily  employed,]  when  .j^^^  ^^^f^  ^j_ 

boiled  with  a  (bluiiun  of  green  f\ilphalc  of  iron.  '     tsl.  pitcp.  hjr 

-  Etpfr.'Q.  WhenamiKedfrJutlonof  plaiinaamlmcrciifjis^*)^/^'*''*'' 
^>recipiMi(e(tljy  metallic  iron,  aquanliiy  equal  lothefum  of  ihe  E.p.  ».    M(- 
fijrmer  metals  is  generally  obtained.  After  nilric  acid  has  been  ^j|^='^'l^'J '^'^ 
Iwiled  for  a  long  time  upon  the  precipitate  To  formed,  it.e  mere,  ftom  ■ 
orfgioaJ  w^efght  of  platina,  logelhcr  wilH  a  confiderable  '"- ISl"'"'°'",''j^ 
eresfc,  rwnarrw  behind,  nor  can  nitric  acid   feufibly  dimrniHi  not  deprive  thii 
ft.     If  yieldi  mflre  eafily  ilian  platina  (o  fht  nfllori  of  nitro-  mcul  of  »il  ira 
murialk  acid,  anrfilt  folutfrm  in  that  acid,  wherT  rfeiiltalizerf,  XJ"(Xble  la 
^*«t  a   precfpilftle,  as  in   ihe  former  cxpeViin?ii(,  by  green  "■»■  w^ii 
iblphatc  of  iron.      Il    ihis   precipitale  be  ^J^po^ed  to  a  flrong '^''/'^'['^^j^ 
fceat  after' it  hai  been  boiled  wiih  nitric  atlH,  il  lofe*  a  great  H«t  ufmllyei- 
part  of  il<  werghl,  and  the  platina  alone  will  generally  be  P^^J^^'^j^.™"'"' 
fuund  in  remain. 

-  Erpfr.  3.  When  a  qiianlilv  nfammonlacal  muriate  of  plalina  ^"P'  3-  AmJ- 
i>  trealed  according  to  (he  method  of  Count  Mii'fliii  PuHil-in  m".  inur.  of 
to  fona  an  amalganl,  and, 'after  being  rubbed  for  a  conGdeiabIc  pi".)  ftmngly 
tilweiwrth  mercury,  isexpofed  In  a  crucible  lo  a  heal  gradually  p^^'_  ,a™»» 
ancreafed  till  il  become*  v  in  lent,  a  metatlic  powder  remains  In  by  n.  m  icW,, 

iroc.Xl-TfvLY.    130J.  N  iii«"''=°l"'"'"» 
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p^edp.  by  fr.  C  ^  crucible.    This  powder  is  adted  opon  by  nilro-mariatic 
•f  itoo.  acid«  and  when  the  rolution  is  neutralized,  a  copioas  precipi- 

tate is  formed  upoA  fche  addition  of  green  folphate  of  iron. 
This  effed  takes  place  even  after  the  metal  has  been  fufed  in 
the  manner  defcribed  in  the  former  part  of  this  paper. 
Eip.  4.  Sulphur     Exper,  4.  If  fulphur  be  added  to  the  ingredients  recom- 
added  in  the  laft  mended  bv  Cpont  Muffin  PuQikin,  and  the  whole  treated  as 
p^^^^rit.    in  the  laft  experiment,  the  quantity  of  precipitate  caufed  by 
green  fulphate  of  iron  in  the  nitro«muriatic  folntion  of  the 
button  which  refults  from  the  operationy  is  generally  more 
confiderable. 
E  «•  (•  Sulttfaur     ^ptf'**  ^*  I^  fulphur  be  rubbed  for  fome  time  with  ammo- 
rubbed  with  vst*  niacal  muriate  of  platinay  and  the  mixture  be  introduced  into  a 
m.ofpto.etfilrj.     II  Florence  fla(k,   it  can  be  melted  on  a  fand-balh.     If 

melti.    Mercury   ^  .....  1    .         .    1    1  ■./«.■ 

being  added,  mercury  be  then  thrown  mto  it,  and  the  whole  be  well  llirred 

ftrdbg  fo^on  together  and  heated,  it  may  afterwards  be  expofed  to  a  very 

foTin  n.^rru'''  Arong  fire  and  melted  into  a  button.    If  this  be  diflblvcd  in 

icid  and  precl-  nitro>rouriatic  acid,  it  will  give  a  precipitate,  as  in  the  former 

Sw^  *^'  ^'  ^®''  ^>'  ^'^"  fulphate  of  iron. 

fi  The  Expcr^  6.  If  a  current  of  fulphuretted  hydrogen  gas  be  fent 
precip.'from  lot*  through  a  mixed  folution  of  platina  and  mercury,  and  th^ 
of  plit.  and  precipitate  which  enfues  be  colleded,  the  metal  may  be  re* 
hy^iogea  be&y  <^uced  by  heat ;  and  with  the  addition  of  borax,  it  may  bf 
fufed  afFofdi  a  melted  into  a  button  which  will  not  contain  any  fulphur.  Green 
roHnin.  ^^'fulpliate  of  iron  caufes  a  precipitate  in  the  folution  of  this 
metal  alfo. 

Exp  7.  Sofike-  ^*P^-  "^ '  W  *o  *  mixed  folution  of  platina  and  mercury, 
w:ie  the  precip.  pbofphate  of  ammonia  be  added,  a  precipitate  takes  place.  If 
by  phoiphate  of  .jjjj,  be  colleaed  and  reduced,  it  will  be  aded  upon  by  green 
fulphate  of  iron  poured  into  its  fulution,  in  tlie  feme  manner  at 
the  metallic  buttons  in  the  preceding  examples. 
ExD.S.  Nitr.  o£  ^^P^^*  ®'-  I  ^^^^  already  mentioned  that  when  a  folution  of 
mere  ttt  miiu  of  nitrate  of  mercury,  at  the  minimum  Qrox>idizement,  is  poured 

oxidis.  precipi-   j^^^  ^  folution  of  muriate  of  platina,  a  mercurial  muriate  of 

cates  Bkur*  of  pi.  '   . 

Tbemeullic       platina  is  precipitated.     The  f'upernataiu  liquor  may  be  do- 

compoand  diC-  canted  and  the  retlduum  wafhed  ;  if  this  be  reduced  and  after** 
acid  is'prccipitl  wards  diffolved  in  nitro-muriatic  acid,  it  will  yield  a  precipi- 
«b;e  by  |r.  f.  of  tate  with  green  fulphate  of  iron.  This  method  appears  to  me 
"'^^*  to  be  tlio  neatcfl  for  combining  platina  and  mercury,  as  the 

adion  which-  takes  pUce  h  independent  of  ^yery  fubftance 

except  the  metals  (Jiemfelvcs. 

Expcr. 
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Exprr.  9.  0:k  of  the  moA  delicate  teftt  that  I  h«vc  dsferved  E»p.  9.  R«eat 
i»  dimtiiftf  V  is  rtfcenl  marktte  of  tin,  which  deteSi  the  prei  ""'J^ft^jeHuw 
feoce  of  the  fmallcft  porttnn  of  mercury.     When  a  finfjie  drop  kft  of  menuiy. 
«f  ■  raIor«(e  folution  of  rieu(f»li»td  nilr«lft  or  mori»le  ofj^jjfbe^re'^r* 
mercury  i*  pol  into  iOO  graini  of  *v«ler,  and  a  few  drop*  of  a  Iq  1  mied  foia- 
tliirai*  folation  of  rcrenl  muriale  of  lin  arn  added,  ibc  liquor  ^'•'"^  '|"'  >"«- 
bocooiv*  a  little  turbid,  and  of  a  fmnkcsgiay  cslour.     If  Ihefe 
AOO  pkin*  of  liquid  b«  diluird  willi  ten  times  tbeif  wei^l  of 
water,  tlic  eSnH  i«  of  courle  dim  in  idled,  but  Aill  it  it  per- 
ceptible.    1  had  on  a  former  occsGon  obferved  (he  nflion  of 
nceal  tnutiale  of  lin  upon  a  Ibluiloii  ol  plmina.     If  a  folution 
af  recent  miAisie  of  tin  be  poured  inin  a  tniki-M  folution  of 
plalina  and  mercury,  nut  too  cont.'enlriiled,  it  ran  hardly  be 
dtllingiiiOied  from  a   flniple  fululion  (if  ptatina.      BdI   iF  toe 

DCh  rDcrctiry  be  prolcnl,  the  encefi  i-.  aftcd  upon  at  Rier. 

wy  I  sod  the  liquor  afTumes  a  darker  tolour  than  vrith  plalina 

MIC. 

Fmni  all  tliefe  experimerls  il  is  evident  that  mprcurj'  can  Htnu,  t,  i, 

[  upCM  plntinn,  and  wmfcr  upon  il  the  properly  of  being  pre-  P'""!*  P'o"ft* 

•ipilHed  in  c  melallic  Dale  by  Rreen  fulphate  of  iron.     B y  nkiic  icld,  lod 

£xjierimenU  I  and  2,  it  ii  proved,  lit.  That  plalina  can  pFoteft  'a«';iifj  tcndert 

•  conliderable  qtianlily  of  mercury  from  llie  aAion  of  nitric  jgaH,  nj^.* 

d  2dly,  That  mercury  can  increafe  the  i£lion  of  nilro-  ""•  *"^' 
Amrtslic  acid  upon  plalina.    From  EiptrimtaU  5,  *,  5,  6,  7,  8,  ?c^'",^,'Xy 
it  appesri  that  mercury  can  combirie  with  platina  in  fuch  »'»'  tl^E  flrong 
maDner  as  not  to  be  feparated  by  the  degree  of  heat  necelftry  t*Mln^''"'^  * 
lo  fule  Ifae  campo;ind,  6nce  after  the  fulion  it  retaim  that  pJnlm  aaoji 
•ropcrly.  whith  is  dTcniiallv-chstsaetiflic  of  the  prefence  of  f*'"*'"'?".'** 
nefcuiy  in  a  fulution  ol  plalina.     The  8lB  Expenmsut  proves  9,  piitinidc- 

iflion  of  mercury  upon  plalina  is  not  confined  to  ihej""'^™*!""?'* 
BMtaltic  flalc ;  but  that  thefe  melals  can  rorobine  and  form  an  i^i^u  icdutcd  bf 
ifelblobie  triple  fait  with  an  acid  which  produce?  a  very  foluble  "<'«'ik- 
•eOfSpOUnd  with  plaliita  alone.     The  9lh  Eirperimcnt  (hows  that 
platina  can  retain  in  folution  a  certain  quamiiy  of  mercury, 
prevent  ili    rcdudion  by  a  fuhflance  which  a&t   molt 
.'powctliiDy  to  (hat  rflea,  when  philina  is  not  prefent.     That 
of  the  aeiieral  pofiiion  therefore  which  1*  the  obJe£t  of 
lit  paper  is  proved,  if  thufe  caperimcnts,  upon  being  repealed 
f  otber  chemiH',  Oiall  be  found  to  be  accurate. 

One  or  iw«  of  the  above  experiments  feem  to  be  in  contra-  R>m»][  on  pit* 
i£tioa  lofome  ibat  1  have  Ilared  in  my  paper  upon  palladium;"^"™' 
N  2  iot 
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for  in  the  prefent  examples  platina  prote6ls  mercury  agamu 
the  adion  of  nitric  acid ;  whereas-in  palladium  the  mercury  i< 
not  only  a^ed  upon  itfelf,  but  it  conduces  to  the  folution  of 
platina  in  the  fame  acid.  I  am  well  aware  of  this  objedioa  ; 
but  confining  mylelf  to  my  prefent  ob|e6l#  I  (ball  wave  all 
further  difcuffion  of  it  till  another  opportunity.  In  the  mean 
time,  however,  it  may  be  laid  down  as  90  axiom  in  chemifiry, 
that  the  iirongeft  affinities  are  thofe,  which  produce  in  any 
fubHance  tbe  greateft  deviation  from  its  ufual  properties. 
The  compounds      When  a  button  of  the  alloy  of  platina  and  mercury  as  pre- 

mercu'ry^are  fub- P**^®^  ^^  *"y  ^^  ^'^®  above  methods,  is  difTolved  in  nitre* 
jea  to  great  va-  muriatic  acid,  and  afterwards  precipitated  by  green  fulphate 
tMioat,  &c.      ^f  -^^^^  ^^^  entire  quantity  of  the  alloy  ufed  is  feldom  obtained^ 
A  confiderable  portion  of  platina  retifts  the  action  of  green 
fulphate  of  iron,  and  remains  in  folution.     This  may  be  looked 
upon  as  the  excefs  of  platina,  and  can  be  recovered  by  a  plate 
of  iron.     Hence  it  appears  that  lefs  mercury  is  fixed,  than  can 
determine  the  precipitation  of  tbe  entire  quantity  of  platina ; 
yet  in  this  fiate  it  can  draw  down  a  greater  quantity  of  that 
Jartter,  than  when  it  is  merely  poured  into  a  mixed  folution  o£ 
platina,  not  before  fo  treated.      Indeed  the  whole  of  thefe 
experiments  -tend,  not  only  to  (liow  that  thefe  two  melala 
exercife  a  very  powerful  aflion  upon  each  other,  but  that  they- 
are  capable  of  great  variation  in  the  iiate  of  their  combination; 
and  alio  tlral  fubflances  potreiling  different  properties  have 
refulted  from  my  attempts  to  combine  platina  with  mercury, 
inveftigaiion  of    -  This  obfervation   furnilked  me  vviih    a  method  of  afcer* 
the  qtuntiiy  of  laining,  or  at  leaft  of  approaching  to  the  knowledge  of,  the 
fixcJ.    It  is       quantity  of  mercury  thus  fixed  by  platina,  and  in  combination 
inppoied  or  in*    with   it.      The  experiment,    however,    having  been  feldom 
•bout  i7mer-    a^lcnded  with  fall  fuccefs,  I  mention  ll>e  refult  with  the  entire 
V'^y  ^  3s  fU^  confcioufnefs  of  the  uncertainty  to  vviiicli  it  is  fubjed^^    1  ob« 
una,  with  the    (^jy^j  jjje  increafe  o^  weighty  which  the  original  quantity  of 
26.  platina  had  acquired  in  fouic  cafes  after  it  had  been  treated 

with  mercury,  and  fufcd  into  a  button.  I  counted  that  aug-> 
mentation  as  the  quantity  of  mercury  fixed.  I  then  determined- 
bow  much,  was  precipitated  by  green  fulphate  of  iron  from  a 
foiuticm  of  this  alloy,  and  fuppofed  it  to  contain  the  whole 
quantity  of  mercury  found  as  above.  But,  even  if  attended 
with  complete  fuccefs,  there  is  a  chemical  reafon  wbicb  maft 
m^ke  us  relufe  our  aflenl  to  this  eiliuiale.    it  is  poffible,  and 

not 
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aoi  unlikely,  that  a  porlion  of  mccrury  may  be  retained  in 

AUutijcai  by  (he  plaliiia,  a:i  well  as  ihat  a  portion  of  (he  plalina 

flHBy  be  precipitated  by  ipeans  of  the  mercury.     The  mean 

refult,  however,  was  that  the  precipitate  by  green  (ulpiiate 

of  iron  coniiAed  of  about  17  of  n>ercury»  and  83  of  platina, 

whcm  the  fpeciiic  gravity  was  about  16. 

Wilh  regard  to  palladium.  Jell  it  (ho^ld  be  fuppofed  that  The  author  con- 

ejtjier  my  own  pbTervations,  or  thofe  of  others  have  given  me  J}"^""  i^jJiJ^ 

caofe  to  alter  my  opinion  ;  I  will  add,  that  I  liave  as  yet  feen  }$  a  compounay 

no  arguments  of  fufficient  weight  to  convince  mCf  in  oppoiition 

to  experiment,  that  palladium  is  a  fimplc  fubHance.    Repeated 

£iilure  in  the  attempt  to  form  it  I  am  too  well  accoilomed  to,  • 

9ol  IQ  i^iieve  that  it  may  happen  in  well  conduced  operations; 

but  fo^r  fuccefsful  trials,  which  were  not  performed  in  fecret»'fince  fourfuc- 

are  in  my  mind  a  fufficient  anfwer  to  that  objedion.     By  deter-  ««^sful  ejrperi- 

.   .       ',  i-    .  r-  xi  r  meiits  were  made 

mining  the  prelent  queaion   we  may  overcome  the  prepor-o'ffonnbsiu 

feflioD  conceived  by  many  againti  the  polfibility  of  rendering 
mercury  as  fixed,  at  an  elevated  temperature,  as  other  metals :  ' 
we  may  be  led  to  fee  no  greater  miracle  in  this  compound 
than  in  a  metallic  oxide,  or  .in  water,  and  be  compelled  to 
take  a  middle  path  between  the  yilions  of  alchemy  on  the  one 
banc),  and  the  equally  unphilofophical. prejudices  on  the  other, 
which  they  are  likely  tQ  eremite.  In  the  courfe  of  experiments 
juft  now  related,  I  have  (e<in  nothing  but  what  tends  to  con- 
firm my  former  refulls  y^t  the  only  means  which  I  can^  after 
s^il,  prefcribe  for  faccceding,  is  nerfeverance. 

To  afcertain  whctiicr  tiie  opinion  of  Melf.  Fourcroy  andPiatma,  purified 

Vauqiwlin,  that  the  new  metal  was  the  principal  »ng«'<J*i»?nt  Vau°'udil?^"*^ 
in  palladium  had  any  juil  foundation,  I  obferved  the  methods  method,  it 

they  have  recommended  for  oblainlng  pure  platina  ;  but  I  did '?"*'^y  J**"^" 
■^  P       .  .  able  wiux  mer- 

not  perceive  any  difference  in  the  facility  with  which  either  cury. 

kind  of  platina  combined  wilh  mercury. 

I  might  have  added  fome  more  experiments  to  corroborate  Thefe  cbemiftt 

the  evidence  I  have  adduced  to  prove  my  afl'crtion  of  the"**  **'     ., ^ 

,  '  ■'  .  ^  have  prom:  led  to 

fixation  of  mercury  by  platina ;  but  Meff.  Vauquelin  and  purfue  the  fub- 
Fourcroy  have  promifed  the  Inflitute  of  France  a  continuation  J*^^' 
of  their  refearches,  and  M.  Richter  concludes  his  paper  with 
faying  that  he  will  return  to  the  fubjedl.  From  the  labours  of 
fuch  perfons  fome  great  and  important  fa£t  mufl  iiTue,  and  I 
bope  that  the  prefent  fubjecl  will  not  be  excluded  from  ilfeir 
conndcraiion.  The  facts  contained  in  ttiis  paper  cannot  be 
3  fubmittcd 


fubmiUed  to  too  fevere  a  (cruliny ;  and  no  judge  can  be  MioM 
rigid  or  more  conpelcnt  (ban  (be  very  perfon  who  was  the 
firft  IQ  doabt  nyy  form^  ezperiinent.s  But  it  in  neceffary  to 
be  obferved  by  whoever  (hall  lhin||L  them  worth  the  trouble  of* 
yerifyipg^  that  .evei)  thefe  experiments  are  liable  to  fail  onlefii 
proper  precai^tipnn  are  qfed  :  that  I  have  never  operated  qpoii 
left  than  one  hundred  grains ;  and  that  the  refultSi  which  I 
have  dated,  however  fimple  they  majr  appeari  have  beefi  the 
conllant  laboor  of  fome  weetcs* 

POSTSCRIPT. 

Pr.  Wolfaftoa^s       SiQce  this  paper  was  wriKen  Dr.  Wolli^flon  lias  pttblilhe«t 

P^^^'"       fome  eii^perimenls  upon  pl^tina.    He  has  found  that  paHadiiim^ 

profes  jfotbiaes  is  contained  ip  very  fmall  quaniities  in  crude  platina^  71»is  faft 

wf  '*iI"*iL!iflA  ^"^  mentioned  to  me  roorq  than  a  year  ago  by  Dr.  Wolltffton. 

of  thetittdi^.    I  ^^^^  P^^  y^^  f^^^  a  copy  of  his  paper;  but  I  (bell  oierety 

satiof  pn>ce(f •  obferve  here  Hfiat,  whatever  be  the  quantity  of  palladium  tfMMcf 

in  a  natural  flate^  no  conclu^on  can  be  dra^K'p  as  to  its  being 

fimple  or  compound.    Nothing  it  more  probable  than  tbe^ 

IMture  may  have  formed  this  alloy ,  and  formed  it  much  liettetf 

than  w^  can  do.    At  all  events,  the  amalgamation  to  which 

platina  is  fqbmitted  before  it  reaches  Europe,  is  fufficieot  U^ 

■  account  for  a  fmall  portion  of  palladium. 


McUicd  rf  obviating  the  Necrjfity  qf  Lifting  Ships.     By  Mu 
{LoBBUT  Seppings,  of  Chatham  Yarid*m 

prcat  favlna  and  X  He  ipelhod  here  to  be  defqribed  of  fufpending,  inflead  of 
**' d!'^*^  Acid"  lifting,  (liips,  for  the  purpofe  of  clearing  them  from  their 
ot  lUtbt  ^^*  blocks ;  afibrds  a  very  great  laving  (o  the  public  ^  and  abridge? 
two^thirds  of  the  time  formerly  ufed  jn  this  operation.  Fron^ 
the  faving  pf  time  another  very  imports^nt  adrantage  is  deriv<f 
ed|  namely,  that  of  enabling  large  (hips  to  be  docked,  fu{^ 
pended,  and  undocked,  the  fame  fpring  tides.  Without 
enumerating  the  inconveo fancies  arifing,  and,  perhaps,  in- 
j^ries,    which  (hips  are  liable  to  fudain,    from  the  former 

*  From  the  Tranfa^ons  of  the  Society  of  Arts,  who  vo|ed  hinf 
the  gold  medalt  1S04. 


police  of  lining  llieni,    and   ntiich   are  removed  by   tl>c 

pn.-r«nr  plan  ;  lliat  which  rvlales  to  mannal  labour  delerves 

p«nirutar  altcnlioir;  I  wen  ty  men  being  fafficieni  lo  fofpend  Twenty  mtn 

a  irll  rale,  whereas  It  wouM  re(|utre  tipwards  o(  ,?OCf  lo  lift  *f''jj^.*'  ''''* 

her.     The  (tluolion  which  Mr.  Sqipings  held  in  Plvniouili- 

yard,  allachcd  lo  him,  in  a  great  degree,  ihc  fliaring  and 

liliinij  ur  Ihip^,  BK  well  as  iht  uther  praflical  pari  uf  tile  pro- 

fdBon  of  a    Ihrpwrighl.     Here  he  had  an  opportunity  offiittory. 

oMerving,  and  indeed  it  was  a  fubjcfl  of  general  regrei.  how 

nucfa  lime,  expenfe,  ami  labour,  weie  required  in  lifting  a 

(lijp,  panicularly  (liips  ot  ihc  hne.     This  inJuced  him  to  tim- 

fider  whether    fome  contrivance  could  not  be  adopted    lu 

obri&le  (hefe  evili.     And  it  occurred  m  him,  llial  if  he  could 

lb  conAiuA  ilic  blocki  on  which  ihu  (h'sp  ftft",  ffial  the  weight 

(if  lliefhip  might  be  applied  iDaHift  in  the  operation,  hefliotild 

•ccomplilh  tliii  very  dtllreablR  end.     In  September   ISOO, 

tiie  (baring  and  Tifting  the  San  yStf,  a  large  Spanilh  fird-rale. 

iben  m  dock  al  I'lymooth,  wds  ccmimiltcd  to   his  direflions  ; 

|o  perfofffl  which,  the  alSlUnce  of  (lie  principal  part  of  the 

^lifjcers  of  the  yard  wat  req<iili\c.  tii  condufKng  lhi<  bunnef;, 

the  |»tan,  which  will   be  licrearter  dcfcHbed,  occured   lo  his 

mind ;    and  from   that  time,    hi>,    hy   various  experimenU, 

ptoved  hli  theory  lo  be  correcl :  the  blocks,  conlirufled  by  Th'toni'l'sr'" 

Mm.  upon  which  the  (liip  refis,  being  fo  cunlrived.  thai  the  "'^"^"^^^ 

talciMly  in  removing  tliem,  is  proportion  ate  to  the  ([uaniily  oriior>innul 

preffnre;   and  ihj.  tircumfiance  is  always  ahrolulcly  "■"I"  "^f"n  rti'"* 

command,    by  inctiafing  or  diininilhing  thu  aiigli;  of  three  »triic»lw*dg(, 

Miedget,  which  cunnimie  one  of  the  blocks;  two  of  which 

are  horizontal,   and  one   vertical,      By  enlarging  the  angle  "hich  bjr  ihc 

of  ihe   horironlal   wedges,    the   vertical   wedge    becomes  o'"t,n'' if  n«dfol 

coBfetjuence  more  acute  g  and  its  power  may  be  fo  incrcale  J,  aiCplau  ttit 

■  that  it  (hall  liaise  e  great  tendency  to  dil'place  Ihe  horianntal  *"    "' 
wedges,  as  wii«  proved  by  a  model,  which  accompanied  the 
flatement  lo  ibc  Society  ;  where  the  power  of  the  fcrcw  is 

■  lifed  ai  a  lubAitule  for  the  ptelTure  of  the  Ihip. 

Mr.  Seppings  csufed  ihice  block*  lo  be  made  of  hard  wood  Eiperltncm. 
'  ■jfreeable  to  his  invemion,  and  ihe  wedges  of  varioin  anglei. 
~      horixon'al  wedges  of  ilie  lirfi  bhict  were  nine  d-Erees ; 
t  df  Ihc  fecond,  li-ven ;  and  of  the  third,  five  j  of  courfe,  the 
•nglcof  the  vertical  wedge  of  the  (irll  block  was  162  degrees;  Angi^i  of  sha 
•r  Ihe  fecoild  I  as;  and  qf  llie  ibird,   ITQ      ThcCc  blocks,  or*"'8*^ 
wedges. 
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by  battering. 
ramsy 


wedges^  were  well  executed,  and  rubbed  over  with  foft  Cwp 
for  the  purpofe  of  experiment.    They  were  then  placed  ui.  a 
dock,  in  his  Majefly's  yard  at  Plymouth^  in  which  a  flopp  of 
A  floop  lefted      vvar  was  to  be  docked ;  on  examining  them  after  tlie  veflel 
upon  tbemy  and  ^^^  j^^  gn^  i)^  water  gone,  they  were  all  found  to  have  kept 
^'  their  fituatioos,  as  placed  before  the  (hip  refied  upon  them. 

Shores  in  their  wake  were  then  erecled  to  fuftaio  the  fiiip. 
The  borixontal    prior  to  the  faid  blocks  being  taken  from  under  the  keel.     The 
j^«  wcfe  ^^  procefs  of  clearing  them  was,   by  applying  the  power  of 
battering-rams  to  the  fides  of  the  outer  ends  of  the  horizontal 
wedges;  alternate  blows  being  given  fore  and  aft ;  by  which 
means  they  immediately  receded,  and  the 'vertical  wedges 
were  difengaged.     It  was  obferved,  even  in  this  fmall  (hip» 
that  the  block  which  was  formed  of  horizontal  wedget  of  nine 
degrees,  came  away  much  eafier  tlian  thofe  of  feven,  and  the 
one  of  fevcn,  than  that  of  five.     In  removing  the  aforelaid 
blocks  by  the  power  of  the  battering-rams,  which  were  (ixCm 
pended  in  the  hands  of  the  men  employed,  by  their  holding 
ropes  paflfed  througii  holes  for  that  purpofe,  it  was  remarke4 
by  Mr.  Seppings,  that  the  operation  was  very  laborious  to 
the  people ;  they  having  to  fupport  the  weight  of  the  batter^ 
ing-rams,  as  well  as  to  fet  them  in  motion.     He  then  con* 
ceived  an  idea  of  affixing  wheels  near  the  extremity  of  that 
part  of  the  rams,  which  Urikes  the  wedges.     This  was  done 
before  the  blocks  were  again  placed ;  and  it  has  (ivce  been. 
found  fully  to  anfwcr  the  purpofe  intended^,  particularly  in 
returning  the  horizontal  wedges  to  their  original  (itualions, 
when  the  work  is  performed  for  which  they  were  difplaced  ; 
the  wheels  aifo  giving  a  great  increafe  power  to  the  rams,  and 
decreafe  of  labour  to  the  artificers ;  bcTides  which,  the  blow^ 
are  given  with  much  more  exaflnefs.     The  fame  blocks  were 
again  laid  in  another  dock,  in  which  a  two-decked  fliip  of 
the  line  was  docked.     On  examination  they  were  found  to 
be  very  feVerely  preffed,  but  were  removed  with  great  eafe. 
They  wure  again  placed  in  another  dock,  in  which  a  three-, 
decked  fliip  otthe  line  was  docked.  This  (hip  having  in  her  fore- 
mad  and  bovi/fpiiti  the  blocks  were  put  quite  forward,  that  being 
the  part  which  pre(res  them  with  the  grealed  force.  As  foon  as 
the  water  was  out  of  the  dock,  it  was  obfcrved,  that  the  ho- 

o/thc  veff-'f  was  '"J^^*"^*^  wedges  of  nine  and  feven  degrees  had  receded  fome 
capable  of  preiT-  feet  from  their  original  fituations.  This  afibrdcd  Mr.  Seppiogs 
ytedra-^        a  fatisfa£lory  proof,  which  experience  has  iince  demonflrated, 

(though 


fupported  on 
wheels. 


Other  experi- 
ments. 


It  was  fnund 
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(ihoagh  many  perfons  before  would  not  admit  of,  and  o(heri 
could  not  underftandy  the  principle)  that  the  facility  of  re. 
■Kiviiig  the   blocks   or  wedges^    was  proportionate  to  the 
quantity  of  prefTure  upon  them.    The  block  of  five  degrees  "i  d»«refofe 
kept  its  place,  but  wa«  immediately  cleared,  by  applying  the  \y^  ^^^  ^^^ 
power  of  the  battering-rams  to  the  fides  of  the  outer  ends  of  they  would  be 
the  horixonUl  wedges.     The  above  experiments  being  com-['[J^'^y*'^"J^jjj^^ 
ipoDfcated  to  the  Navy  .Board,  Mr.  Seppings  was  directed  to  being dri?eaoau 
aUend  them,    and  explain  the   principle  of  his  invention  ; 
which  explanation,  farther  corroborated  by  the  tcflimonials  of 
his  then  fuperior  oiiiceri>,  was  Co  fatisfadlory,  that  a  dock  was 
ordered  to  be  fated  at  Plymouth  under  his  immediate  direc- 
tions.    The  iMM-izontal  wedges  in  this,  and  in  the  other  docks.  The  beft  angle  U 
that  were  afterwards  filled  by  him,  are  of  call  iron,  with  an  jj^^^ *4n**** 
angle  of  about  five  degrees  and  a  half,  wiiich,  from  repeated  wedges, 
trials,  are  found  equal  to  any  prefiure,  having  in  no  inAance 
receded,  and,  when  required,  were  eafily  removed.     The 
vertical  wedge  is  of  wood,  lined  with  a  plate  of  wrought 
iron,   half  an  inch  thick.     On  the  bottom  of  the  dock.  In 
the  wake  of  each  block,  is  a  plate  of  iron  three  quarten  of 
an  inch  thick,  fo  that  iron  at  all  times  ads  in  contad  with  > 
iron. 

Tlie  placing  the  fuflaining  (hdres,  the  form  and  fizes  of  the 
wedges,  and  battering-rams,  Sec.  alfo  the  procefs  of  taking 
away,  and  again  re-placing,  the  wedges  of  which  the  block 
is  compofed,  are  alfo  exemplified  by  a  model. 

The  dock  being  prepared  at.  Plymouth,  in  Augufl,  1801,  A  large  So'guA 
the  Canopus  a  large  French  80.gun  (hip,  was  taken  in,  ""^  J'*Pj^'J^PJ[J^ 
refled  upon  the  blocks ;  and  the  complete  fuccefs  of  the  ex* 
periroent  was  fuch,  that  other  docks  were  ordered  to  be 
fitted  at  Sheernefs  and  Port  (mouth  dock-yards,  under  Mr. 
Sepping&'s  dire^ions.  Al  the  former  place  a  frigate,  and  at 
the  latter  a  three.dec  ked  (hip,  were  fulpended  in  like  manner. 
This  happened  in  December,  1802,  ami  January,  1803;  and 
the  reports  were  fo  favourable,  as  to  caufe  dire£lions  to  be 
given  for  the  general  adoption  of  thefe  blocks  in  his  Majefly's 
yju'ds.  This  invention  being  thought  of  national  confcquence, 
with  refpecl  to  (liips,  but  particularly  thofe  of  Ihe  navy, 
government  has  been  plealed  to  notice  and  reward  Mr.  Sep* 
pings  for  it. 

The  time  required  to  difengage  each  block,  is  from  one  to  Zach  block  mey 

tbrec  minutes  after  the  (liorcs  are  placed :  and  a  firfi-rate  fits  ^  di<cng«g«d  ia 

three  minutes* 

on 


18a 


It  k  not  re- 
quired to  Aif- 
prnd  the  ihip  in 
ail  cirri.     £or 
file  re^n  may 
be  done  by  filc- 
cefivc  removal 
fif  blocks. 


The  lifcns  of 
Aip*  waia  fire* 
^eot  operatiofi 
ia  ilia  tufjm 


Thii  tmrcntiioB 
U  of  va)oe  in 
other  under* 
takingi. 


Fid  of  a  top 
gallant  maft| 


applied  by 
Capu  Weill. 


MmsnTre  of 
Ar  iking  the 
mafty  ftc« 
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on  about  fifty  blocks.  Various  are  the  canfes  for  which  « 
ihip  may  be  required  to  be  cleared  from  her  blocks^  viz.  U» 
fbiflt  the  main  keel ;  to  add  additional  falfe  keel ;  to  repair 
defeds ;  to  caulk  the  garboard  Teams,  fcarples  of  the  keef^ 
&c.  Imperfe6lioDS  in  the  falfe  keel»  which  are  fo  very  in- 
jurious to  the  cables,  can  in  the  largeft  (hip  be  remedied  ill  a 
few  hours  by  this  invention,  without  addinf|[  an  additional 
(bore,  by  taking  away  blocks  forward,  amid-fliips,  and  abaftj 
at  the  fame  time ;  and  when  the  keel  is  repaired  in  the  wake 
of  thofe  blocks,  by  returning  them  into  their  places,  and  then 
by  taking  out  the  next,  and  fo  on  in  fucceifion.  The  blocks 
can  be  replaced  in  their  original  fitualions,  by  the  application 
of  the  wheel  battering-rams  to  the  wedges,  the  power  of 
which  is  fo  very  great,  that  the  weight  of  the  fliip  can  be 
taken  from  the  (hores  that  were  placed  to  fuilain  her.  There 
were  one  hundred  and  fix  (hips  of  different  clafTes,  lifted  at 
Plymouth  dock*yard,  from  the  1ft  of  January,  1798,  to  the 
31ft  of  December,  ISOO;  and,  had  the  operation  of  Hftinf^ 
taken  lefs  time,  the  number  would  have  been  very  confider- 
ably  increafed ;  for  the  faving  of  a  day  is  very  frequently  4he 
caufe  of  faving  the  fpring  tide,  which  makes  the  diflerence 
of  a  fortnight.  The  importance  of  this  expedition,  in  time  of 
war,  cannot  be  fu6Scient1y  eftimated. 

This  invention  may  be  applied  with  great  advantage; 
whenever  it  is  neceHary  to  ered  (hore^^  to  fopport  any  great 
weights,  as,  for  inftance,  (o  prop  up  a  building  during  the 
repair  of  its  foundation,  &c.  Captain  Welb,  of  his  Ma- 
jefty's  fliip  Glory,  of  98  guns,  ufed  wedges  of  Mr.  Seppings's 
invention  for  a  fid  of  a  top-gallant  maft  of  that  fhtp.  Iti  ISOS^ 
the  top-gallant  mafts  of  the  DefencCi  of  1^  guns,  were  fitted 
on  tliis  principle  by  Mr.  Seppipgs :  and,  from  repeated  trials, 
iince  (he  has  been  cruizing  in  the  North  Sea,  the  vedge  fids 
have  been  found  in  every  refpedl  to  anfwer. 

But  it  is  Mr.  Seppings's  wi(h  that  it  ihould  be  underftood, 
that  the  idea  of  applying  this  invention  to  the  fid  of  a  top* 
gallant  maft  originated  with  Capt.  Wells,  who  well  under- 
ilood  the  principle,  and  had  received  from  him  a  model  of  the 
invention. 

When  it  is  required  to  ftrike  a  top^gallant  ma((,  the  top 
ropes  are  hove  tight,  and  the  pin  which  keeps  the  horissonta) 
wedges  in  their  place,  is  taken  out,  by  one  man  going  aloft 
for  that  purpofe;  the  other  horizontal  wedge  is  worked  in  the 
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Hil,  n  Ihawn  in  Ihe  drawing  and  mmid  that  accompttny  llii; 
Jhtemenf.     The  upper  pstrt  ef  ilie  hd  hole  i'  cut  lo  Ibrm  the 
»efttc«l  wedge.     The  ail»atiinge  dirrived  ftntn  fidding  lop- '' ""  po*b« 
galiani  inalli  in  ih'n  way  i«,  Ibal  ittty  can  be  ftruck  a[  ihe  ^  ,^|(|„g  ^^ 
AoneR  nolice,  and  wilhoiH  fliicking  ihe  rigging,   whicli  i«'niging. 
frequently  the  cao^e  of  (prirtging  nnd  catrytng  them  awayi 
panifularly  thofe  with  long  pole  head':.     The  angle  of  the 
horiznittal  wedges  for  ihe  fidi  o(  marts  llioulii  be  about  tweniji 

The  above  AccnunI   wan    aconmpanie't    with   Ceftificale^  CcrtiGcitsk 
froiD   Sir  Jolin   Henflow,   Survejor  nf   llie   Navy;    Mr.   M, 
Didrxrn,    raadet-ILipwrighl  of   Potlfmnolh-Yard ;    and  Mr. 
John  Carpenler,  furcman  of  Sheernen  Duck-yard,  conlirniii)g 
Mr.  Seppings's  Jlalemenl. 

B^firoKfto  thf  Engrating  of  Mr.  Seppings's  vifthod  o/obriuling 
the  itterffuy  fif  lifting  Skipi.  Plate 'HI. 
Thii  plan  and  fedion  of  a  fevenlj-four  gun  (liip  dercribe*  DffcripSoo  i»4 
fht  ineiliud  of  obviating  the  neceffily  of  lifting  iliip",  wlien  I^^^j." 
Iliere  tpay  be  occafion  lo  put  addllicnial  falfe  keels  lo  tliem, 
pr  lo  make  good  the  imperlefliuns  of  Ihofc  ali-cady  on ;  alfii 
when  it  may  tie  necelTary  lo  caulk  the  garboard  feams,  fiarplct 
the  keel,  &c,  by  w  brch  meaiik  a  very  confideraWe  pari  uf  liie 
espenfe  will  be  faved,  and  much  lime  gained.  Tlie  Wockf 
^re  cleared,  and  again  returned  by  the  following  procef'.  A 
fufficictit  number  of  lliatcs  are  placed  under  the  fhip  lo  fuftaln 
her  we<ghl,  and  fet  taught,  Itaiioned  a)  near  the  keel  a* 
the  working  of  the  banc  ring- rami  fore  and  aft  will  admit. 
Avoid  placing  any  oppofite  the  blocks,  as  ihey  would  in  ihal  InftrgQioiWi 
cafe  hinder  the  return  of  liie  wedges  wilh  the  ba  tic  ring-rams. 
A  blow  mufl  then  be  given  forward  on  ihe  ouler  end  of  ihe 
iron  wedgei  wilh  the  bat te ting-rams  in  h  fore  and  aft  direc- 
tion,  which  will  caufe  them  lo  Aide  afi,  a>  (liuwn  in  ihe  plan. 
The  battering  rams  abaft  then  return  the  blow,  ancf  ihe 
wedges  again  come  fbrwsrd ;  by  the  repelition  of  this  opera- 
tion, the  wedges  will  be  wilh  great  eafc  cleared,  and  the 
Migolar  block  on  ihe  lop  will  drop  down.  When  the  work. 
is  perinrmed,  the  block  mud  be  replaced  under  Ihe  keel, 
and  the  wedges  driven  back  by  working  (he  rams  aibwsit- 
piipt,  a.s  defvribcd  :p  the  fcction, 

N.  B.  In 
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N.  B.  In  reluming  the  iron  wedgea^  lo  Bvofd  flrmiping  thq 
pngular  blocks  <t  13  propofiKl  to  leave  a  few  of  tbeip  out 
forward  and  aft,  and  ilop  tbe  (hip  up,  by  laying  on^s  iron 
wedge  on  the  qtber,  as  (howq  at  Fig.  I,  Pl»te  XI. 

To  facilitate  tife  bufinefg,  blocki  may  be  'cleared  forward 
pnd  aft  at  the  fame  ijine,  fu$cient  \o  gi^i  in  place  one  length 
of  falfe  keel.  If  th<;  falfe  keel  (hould  want  repairing,  il  may 
be  done  without  any  i|dditionaI  (boresi^  by  clearing  one  bloc|p 
at  a  time,  and  when  the  keel  is  repaired  in  the  wake,  of  tba| 
block,  return  tlie  wedges^  as  above  difeded,  and  clear  the 
ijexf,  &c. 

Seaion  and  Plan,  Plate  XI.  Fi^:  2. 
Paft?of  the       A.  Keelfon. 

(J.  Floor  timber. 

D.  Dead  or  rifing  wood# ' 

£.  Plank  of  the  bpttomv 

F.  Keel  and  lalfe  keel. 

G.  Angular  blocks  with  a  half-inch  iron-plate  bolted  to  thenif 
H.  CaH-iron  wedges. 

I.  Iron  plate  of  three-fourthi  of  an  inch  thick  oh  the  bottom 

of  the  dock. 
1(1.  Battering-rams,  with  wheels,  and  ropes  for  the  hands. 
Ij.  Caflrirpn  wedges,  having  received  a  blow  from  forward. 
M.  Shores  under  the  (liip  to  fuHain  her  weight. 

Fig*  3^  reprefents  part  of  a  top-gallant  mad  fitted  with  a 
wedge  fid. 

a.  Top-gallant  mail. 

b.  Fid,  with  one  horizontal  wedge  worked  on  it. 

c.  Moveable  wedge,  with  the  iron  (trap  and  pin  over  it,  Iq 
keep  it  in  its  fituation. 

d.  TrufTel  trees* 
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Onmujtular  Motion.  %  Anthony  Carlisle,  E/^,  F.  R.  S, 
hting  the  Croonian  LcBure,  read  hrforc  the  Royal  Society, 
Novembers,  l&Ok 

jIjLNIMAL  pI))fiology  has  derived  feveral  illuflralions  and  IntroduaicMi« 
additions,    from  the  inflitution   of  (his  le£ture  on '  mufcular 
motion ;  and  the  detaiU  of  anatomical  knowledge  have  been 
coniiderably  augmented   by  defcriptions    of  mufcular  partf 
before  unknown. 

Still,  howeiver,  many  of  the  phenomena  of  mufclex  remain 
unexplained,  kior  is  it  to  be  expeded  that  aiiy  fudden  infulat* 
ed  difcovery  (hall  folve  fuch  a  variety  of  complicated  appear- 
ance!. 

Mafcakr  motion  is  the  firfi  fenfible  operation  of  animaj  Mufcular  mo- 
life :  the  various  combinations  6(  it  fuftain  and  carry  on  the  ^^^' 
Multiplied  fundions  of  the  largeft  animals :   the  temporary 
ceflktion  of  this  motive  faculty  if  the  fufpenfion  of  the  iivirfg 
powers,  its  total  quiefcence  is  death. 

By  the  contindanc^  of  patieht,  well  directed  refearches,  it  is 
reafonable  to  expert  much  important  evidence  on  this  fubjefi 
and,  from  the  improved  (late  of  collateral  branches  of  know- 
ledge, together  with  the  addition  of  new  fources,  and  methods 
6f  invedigationi  it  may  not  be  unreafonable  to  hope  for  an 
nltimate  folution  of  thefe  phenomena,  no  lefs  complete, 
and  confident,  than  that  of  any  other  defideratum  in  phyfiod 
Icidnc^. 

The  pfefcht  attempt  to  forws^d  fuch  designs  is  limited  to 
tircumttances  which'areconneded  with  rouCcular  motion,  con- 
iidered  as  caufes,  or  rather  as  a  feries  of  events,  all  of  which  " 
contribute,  more  or  lefs,  as  conveniencies,  or  elTenlial  requi- 
fitcs,  to  the  phenomena;  the  details  of  mufcular  applications 
being  di(lin6t  from  (he  objc6ts  of  this  ledure. 

No  fatisfa6tory  explanation  has  yet  been  given  of  the  (iate  Neither  the 
or  chancres  which  obtain  in  mufcles  durincr  ihcir  contraflions  ^*^*"8"  in 

,         .  .     .  ,  ,     .  r        J-  «.         mufdcs  dunr>g 

or  relaxations,    neither  are  tlieir  correlpondmg  connections  atkion,  nor  tl\jplr 
with  the  vafcular,  rcfpiratory,  and  nervous  fyftems,  fufficienily  connedlicnt wiA 
traced.     Thefe  fubjects  are  therefore  open  for  the  prcfent  en-  Qf\^^  fyft^JJ^ ' 
quiry,  and,  although  I  may  totally  fail  in  this  attempt  to  ehi-  *wvc  been  ex- 

cidate 


cidate  any  one  of  the  fubjeds  propofed,  neverlbelers  I  (hall 

not  efteem  my  labour  ufelers^ir-the  time  of  the  Royal  Society 

allogi*ther  unprofilably  confumed,  if  I  fucceed  in  pointing  out 

Die  way  to  ibe  future  attainment  of  knowledge  fo  deeply  in- 

terefling  to  mankind, 

TIk  mofcle  it.       The  roufcular  parts  of  animals  are  mod  frequently  com- 

iOi  is  fibrous,     pofed  of  many  fub(}ances«  in  addition  to  thofe  which  are  fmrriy 

mufcular.    In  ihil  grots  ft^te^  they  conftitate  n  flexible,  oom« 

prefljble  iolid^  whofe  lexiure  is  generally  $brous,  the  fibrep 

being  compared  into  fafciculi,  or  bundles  of  various  thickn^fsp 

Thefe  fibres  are  elaOic  during  the  contra£ted  fti|te  of  mnfclet 

after  death,  being  capable  of  exteniion  to  more  than  oiie*fiftb 

of  their  length,  and  of  returning  again  to  their  former  Aate  of 

con  trad  ion. 

TIk  enveloping      Tliis  eladicity ,  however,  appears  to  belong  to  the  envelopfog 

1^^^*^.^       reticular  or  cellular  membrane^  pnd  it  ip^y  bfs  (kMy  aflimed 

that  the  intrinfic  matter  of  nmfcle  is  not  elaflic. 

The  attradion  of  cohefion^  in  ^he  parts  of  qiiifcie,  is  Ifarpngeft 

in  the  diredion  of  the  fibres,  it  being  dpuble  that -of  the  eoiir 

trary,  or  tranfverfe  dire£U8n. 

M oictes  are  ir-       When  mufcles  are  capable  of  reiterated  contraAicNis  pnd 

ritable  during     relaxations,  they  are  faid  to  be  alive,  or  to  poflefs  irritability^ 

This  quality  fit^  the  organ  for  its  funAions.    Irritability  will  be 

contidered,  throughout  the  prefent  ledure,  as  a  quality  only. 

Thcf  hftve  lefs       When  mufcles  have  ceafed  to  be  irritablCf  their  cobefiv^ 

cohefion  lengih-  attra6iion  in  the  diredlon  of  their  fibres  is  diminiflied,  but  it 

ways  when         remains  unaltered  in  the  tranfverfe  diredion. 

Experioient  In        ^^^  hinder  limbs  of  a  frog  attached  to  the  pelvis  being 

proof.  ilripped  of  the  (kin,  one  of  them  was  immerfed  in  water  at 

1 1^^  of  Fahrenheit,  during  two  minutes,  when  it  ceafed  tQ 

be  irritable.    The  thigh  bones  were  broken  in  the  iniddiep 

witiiout  injuring  the  mufcles,  and  a  fcale  affixed  to  the  ande 

of  each  limb :  a  tape-paiTed  between  the  thighs  was  employed 

to  fulpend  the  apparatus.  Weights  were  gradually  introduced 

into  each  fcale,  until,  with  five  pounds  avoirdupoisj  the  dead 

thigh  was  ruptured  acrofs  the  flefhy  bellies  of  its  mulclet* 

The  irritable  thigh  fufiained  fix  pounds  weight  avoirdupois, 

jtpcated.  and  was  ruptured  in  the  fame  manner.    This  experiment  was 

repeated  on  other  frogs,  where  one  limb  had  been  killed  by  t 

watery  folutioo  of  opium,  and  on  another  virhere  eflenlial  oil 

of 
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of  cherry  laurel  ^  was  employed :  in  each  experiment^  Ifae 
irrilable  limb  fuflained  a  weight  one-fixib  heavier  than  ibf 
4cad  limb. 

It  may  be  remarked,  in  conHrmation  of  ibefe  experiment£»  The  fame  doe- 
Ibat  wbep  mufcles  aft  more  p<>werfully,  or  more  rapidly,  than  "y"*^^^,  j^*^ 
U  equfl  to  the  flrengtli  oft  the  fuflaining  parts,  they  io  not  Uvbg  faijeO* 
uliKiUjr  rMpture  their  fleQiy  fibres,  but  break  their  tendons,  or 
efcn  w  intervening  bon^  as  in  the  infl^nces  pf  ruptured  tende 
CcbtUii,  and  fru^ured  patella.     InAances  have  however  ocv 
corred^    wherein  Uie  (leiby   bellies  of  mufcles  have  been 
lacerated  by  fpafmodic  a6iions ;  as  in  tetanus  the  re6Jii  abdo- 
BiiDia  bfive  been  toi  n  afunder,  and  the  gastrocncmii  in  cramps ;. 
but  to  tbofe  examples  it  feems  that  either  the  ^ntagonifts  pro- 
dace  the  effect,  or  (he  over-etcited  parts  tear  the  lefv  excited 
in  ibe  iame  mufcle.  Frum  wiience  it  may  be  inferred,  that  the 
attraAion  of  cohefipn  in  the  mailer  of  iiiufcle  is  confiderabljr 
greater  during  the  a^  of  conlradin^,  than  during  the  paifiv^ 
fiate  of  tone,  or  irrilable  quici'cencc,  a  fa£t  which  has  been 
always  alTumed  by  auatomids  frum  the  det«»'minate   iorces 
which  mufcles  exert. 

The  mufcular  parts  of  diflerent  daflfet  of  animsJs  vary  in  DifFerencei 
cokwr  and  texture,  and  not  unfrequently  thofe  variniions  occur  obiu wMhit  ia 

:    TT    r         .     I     -J     I  the  cplour,  »«• 

lo  the  lame  individual.  tore,  ftc  of 

The  mufcles  of  fifties  and  vermes  are  often  colourlefs,  fl»»f"^"^  ?"«•• 
txiok  of  the  mammalia  and  birds  being  always  red ;  the  am* 
phibia^  thiv  i^cipcnfer^  and  fqualus  genera*  have  frequently 
both  red  and  colourlei's  mufcles  in  the  fame  animal. 

Some  birds,  as  the  black  game  + ,  have  the  external  pedtoral    « 
muU;les  of  a  deep  red  colour,  whilil  the  interi>al  are  pale. 

In  texture,  the  fafciculi  vary  in  thicknefsi  and  the  reticular 
membrane  is  in  fome  parts  coarfe,  and  in  others  delicate :  the 
beart  is  always  compadled  together  by  a  delicate  reticular 
membrane,  and  the  external  glutoei  by  a  coarfer  fpecies. 

An  example  of  the  origin  of  mufcle  is  prefented  in  theOnginofmBlUi 
hiilory  of  the  incubated  egg,  but  whether  the   rudiments  ^p '^A^^ar 
the  pundlnm  ialiens  be  part  of  the  cicatricula  organifed  by  the 
parent,  or  a  Hrudure  relulting  from  the  fiifl  procefs  of  incu- 
bation, may  be  doubtful :  the  little  evidence  to  be  obtained  oa 
tbif  point  feems  in  favour  of  the  former  opinion ;  a  regular 

Diftilled  oil  from  the  leaves  of  tlic  Prunus  Lauruerajfus, 

f  Tctrao  Utrix.    Lin. 
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confirmatioh  of  which  would  improve  the  knowledge  of  animal 
generation  by  (hewing  that  it  is  gemmiferous.  There  are  fuf* 
ficient  analogies  of  this  kind  in  nature,  if  reafoning  from 
analogies  were  proper  for  the  prefent  occadon. 

The  pundum  faliens,  during  its  firft  adions,  is  not  encom- 
palTed  by  any  fibres  difcoverable  with  nicrofbopes,  and  the 
vafcular  fyftem  is  not  then  evolved^  the  blood  flowing  for- 
wards and  backwards,  in  the  (ame  veiTels*    The  commence- 
ment of  life,  in  animals  of  complex  flrudlure  is,   from  the 
preceding  fad»  like  the  ultimate  organization  of  the  (impler 
clafTes, 
Mufdri  of  birds     It  is  obvjous  that  the  mafcles  of  birds  are  formed  out  of  the 
rf  thrUburaen,  »J^n>en  ovi,  the  vilellus.  and  the  atmofpheric  air,  aded  upon 
with  a  fnttU        by  a  certain  temperature.     The  albumen  of  a  bird's  egg  is 
S^itt^yS  ^^*^"^  confnmed  during  incubation,  and  the  vitellus  little  di 
miniihed,   proving  tl)at  the  albumen  contains  the  principal 
elementary  materials  of  llie  animal  thus  generated;  and  it 
follows  that  the  mufcular  parU(»  which  conftitute  the  greater 
proportion  of  fuch  animals  wlien  hatched,  are  made  out  of  the 
albumen,  a  fmali  portion  of  the  vitellus,  and  certain  elements^ 
or  fmall  quantities  of  the  whole  compound  of  the  atmofphere. 
and  they  do  not      The  mufcles  of  birds  are  not  didferent,  in  any  refped,  from 
fiuc^i^lS  ^ofeof  quadrupeds  of  the  clafs  of  mammalia. 

The  anatomical  ftru6lure  of  mulcular  fibres  is  generally 

complex,  as  thofe  fibres  are  connected  with  membrane,  blood* 

VttflTels,  nerves,   and  lymphaedudls ;  which  fcem  to  be' onljr 

appendages  of  convenience  to  the  eflfential  matter  of  mufcle. 

Mufciilar  fibre        A  mufcular  fibre,  dulv  prepared  by  waihing  away  the  ad- 

IS  cyiindnci        hcring  extraneous  fubilances,  and  expofcd  to  view  in  a  power- 

w'lchout,  and      ful  microfcope,  is  undoubtedly  a  folid  cylinder,  the  covering 

pulpy  withiiu      Qf  which  is  reticular  membrane,  aiul  the  contained  part  a  pulpy 

fubQance  irregularly  graiiula'.cd,  and  of  little  cohefive  power 

when  dead. 

The  ultimate  ^  difficulty  has  often  fublifted  among  anatomifts  concerning 

the  ultimate  fibres  of  niuktes;  and,  becaufc  of  their  tejiuity, 

fome  perfons    have  cor.luiorcd   them   infinitely   divifible,    a 

polition  which  may  be  cuntradidcd  at  any  time,  by  an  hour's 

labour  at  the  micro fcope. 

Artaiei.  The  arteries  arborelcc  copioufly  upon  the  reticular  coat  of 

^     the  mufcular  librc,  and  in  v\arm-bloudcd  animals  ihcle  velTels 

are 


ON    MUacOLJIR    UOTIOH.  l^ 

■re  o(  rufficient  ospacil)'  lo  admil  ihe  red  patlicles  of  hlrloil, 
but  Ihe  intrinfic  mailer  ol'  rniifde,  conuined  wiltiin  Ihe  ultimate 
c;(ind«r,  ha>  no  tvA  particles. 

Tire  arteries  of  muftles  BnaHomnre  willi  correfpondtng 
reini ;  but  this  couffc  ot  a  contiituoui  canal  cannut  be  I'up- 
pofcd  to  a^  in  a  dircfl  manner  upon  (he  mailer  of  muide. 

The  capillary  aiteriea  terminating  in  Ihe  mufcular  tlbre 
niiti  aJo&tt  cfTefl  all  ihe  changes  of  increale  in  Ihe  bulk,  or 
namber,  ot  tibiei,  in  the  repleniilimenl  of  exhauiled  mainiaU, 
n  the  repair  of  injuriei;  fonie  of  ihi-fe  necelElies  ma)'  be 
Tuppofed  to  be  conliiiually  operaling,  tl  is  well  known,  that 
ibc  circulation  of  the  bluod  i<i  nol  clkntial  lo  niufcular  actiurt ; 
h  ihat  Ihe  mode  of  diftribution  of  ibe  blood  veiTcli,  and  ihe 
ditferencci  in  ihcic  fize,  or  number,  aa  applied  lo  aiufcles  can 
only  be  aduptaiiims  lo  fume  fpecial  convenience. 

Another  prevalent  opinion  among  anaiomifit,  ii  the  infinilc  VirtuhHiyii 

extenfion  of  vafcularily,   which  is  contradifled  in  a  diiefl ''^^^^"^."Ji''' ''"* 

nrnnnef  by  campa/aiive  refearchcs.     The  feveral  parts  of  s  Dmiicd. 

qaadfupeil  are  lenlibly  more  or  kh  vafcular,  and  uf  dilferent 

.   canicxlurei;  and,  admitling  that  Ihe  varied  diameter  of  Ihe 

J  blood  vefTdi  difpofed  in  each  fpeciei  of  fubftance,  were  to  be 

I  .confUluted  by  the  grofs  fenfible  diSerences  of  iheir  larger 

1   velTcIs  only,   ye(,    if  the  ultimate  velfcla  were  in  all  cafei 

f  «)iu!ly  numetoiUt  'ben  Ihe  fole  remaining  caufe  of  diffimi- 

'   lirUy  would   be  in  the  compafiing  of  Ihe  velTeU.     The  vafa 

vafonim  of  the  larger  trunks  furnifli  no  reafon,  excepting  that 

or  a  loo fe  analogy,  for  the  fuppofilion  of  vafa  vatoruni  ex- 

lendcd  wilhoul  liniils.     Moreover,  the  circulating  fluids  of  all 

•nimals  are  ccinipofed  of  water,  which  gives  them  fluidity,  and 

of  animaltxcd  particlet  of  delrned  conligu ration  and  bulk;  it 

follows  Ihal  Ihe  vcQels  through  which  luch  fluids  are  to  paft, 

mull  be  of  lufficient  capacity  for  the  fize  of  (he  particles,  and 

thai  fmaller  veffels  could  only  filtrate  water  devoid  of  fuch 

Bnimal  particles :  a  pofilioD  repugnaiil  lo  all  the  known  fafls 

of  the  cifculaiion  of  blood,  and  iha  animal  economy. 

The  capillary  arteries  which  lerminate  in  the  niulculai  fibre,  CipiiiMy»arit», 
II  be  lucrelory  velTeU  lor  depofiling  Ihe  mufcular  mailer, 
tilbe  lymphsedufl!;  ferving  to  remove  ihe  fupeinuous  e\irava- 
■fated  watery  flulds.'and  ihe  decayed  fubtlinccs  which  arc 
Pnntit  for  ufe. 
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Md  lympbw  The  lymphaedads  are  not  fo  numerous  as  the  blood  veflbbt 

fnas.  ^g^  certainly  do  not  extfsnd  to  every  mufcular  fibre:  tbey 

appear  to  receive  their  contained  fluids  from  the  inter(Hcial 
fpaces  formed  by  the  reticular  or  cellular  membrane^  .and 
not  from  the  projeding  open  ends  of  tabes^  as  is  generally 
reprefented.  This  mode. of  receiving  fluids  out  of  a  cellular 
!firu£lure»  and  conveying  them  into  cylindrical  veflels,  is  ex- 
emplified in  the  corpora  cavernosa,  and  corpus  fpongiofum 
fieniSf  Inhere  arterial  blood  is  poured  into  cellular  or.  reticular 
cavities^  and  from  thence  it  pallas  into  common  veins  by  the 
gradual  coarcialion  of  the  cellular  canals. 

In  the  common  green  turtle^  the  la^eal  vefleU  oniver&lly 

•rife  from  tlie  loofe  cellular  membrane^  fituated  between  the 

tnternal  fpongy  coat  of  the  inleflines  and  the  mufcolar  coat. 

The  cellular  (lru6lure  nlay  be  (illed  from  the  ladeals^  or  the 

Ja£leals  from  (he  cellular  cavities.   When  injecting  the  fmaller 

branches  of  the  lymphaedu^ls  retrograde  in  an  csdematout 

human  leg.  I  faw,  very  didindly,  three  orifices  of  thefe  vefleb 

terminating  in  the  angles  of  the  cells,  into  which  the  quick» 

^Iver  trickled.  The  preparation  is  preferved,  and  a  drawing  of 

the  appearance  made  at  the  time.  It  wasalfo  proved,  by  many 

experiments,  tliat  neither  the  lymphoeduds,  nor  the  veinf^ 

have  any  valves  in  their  minute  branches. 

Nerves  of  volutf'-     The  nerves  of  voluntary  mulcles  feparate  from  the  famt 

tsrymutdes.       bundles  of  fibrih  with  the  nerves  which  are  diftributed  in  the 

ikin,  and  other  parts,  for  fenfation ;  but  a  greater  proportion 

of  nerve  is  appropriated  to  the  voluntary  mufcles,  than  to  any 

other  fubdances,  the  organs  of  the  fenfes  excepted. 

On^of  the  The  nerves  of  volition  all  arife  from  the  parts  formed  by 

^Qf^  *     the  jundion  of  the  two  great  roa/Tes  of  the  braint  called  the 

Cerebrum  and  Cerebellum,  and  from  the  extension  of  that 

iubflance  throughout  the  canal  of   the  vertebrae.     Anotlier 

clafs  of  mufcles,  which  are  not  fubjed  to  the  will,  arefupplied 

by  peculiar  nervea^  they  are  much  fmaller,  in  proportion  to 

the  bulk  of  the  parts  on  which  they  are  didributcd,  tlian  thole 

JCafeksfoin-   of  the  voluntary  mufcles;    they  contain  lets  of  the  white 

g^^^  opaque  medollary  fubflance  than  the  other  nerves,  and  unite 

their  fibrils,,  forming  numerous  anaflomofes  with  all  the  other 

nerves  of  the  body,  excepting  thofe  appropriated  to  the  organs 

of  the  fenfes.     There  are  enlargements  at  feveral  of  thefe 

jun6iions» 


Jcn^^MiK,  oiled  Gangltnns,  and  which  sre  compnreil  oft  leriC>»g'>™<- 
fMapnfiKM  of  tlie  mmtullarj'  rubOancu,  atid   ihcir  texture  n 
iimct  ihan  that  oF  ordinary  nervct. 

Tin  Icrwinal  Cxlremillcl  ot  nertes  have  been  ufually  con-Th*  itMinigei 
OcteeJ  of  uni;<nii<Ml  exte.ifion ;  l.y  accuraie  diiredion  how-^"^^"^*^ 
e»y:r,  and  Uifi  aid  of  magnifying  gblTe*,  ihc  extreme  fibriU  Ulicrmiiutlcin. 
nerves  are  ealily  tracnl  at  far  a^  thujr  fcnfible  propeflii!),  and 
tberf  roniinuity  esftendt.  The  iibrils  crafe  tn  be  rubdivided 
fthilfl  perfeaiy  viGble  to  the  naked  eye,  in  the  voIunMry 
tnsfdei  of  Isr^^e  animal",  and  llie  fpecei  they  occupy  upon 
I'upcfficiet  where  they  feeni  It)  end,  leave  a  remarkable  exce& 
«('  parlt  unoccupied  by  ihofc  tibnli.  The  cxircnie  librjli  of 
n«rv«>  lof*  iheir  opaciiy,  the  medullary  fubftance  appeart  {ah 
uid  iranrparent,  iheenveluping  niembrane  becnoiet  pellucid, 
juid  ihc  whole  fibril  ii  dellitule  of  ihe  tenacity  necelTiiry  to 
prcOavc  iis  awn  dtfiinflDefs ;  it  leemi  to  be  liiirufed  and 
mingled  with  iJie  fubflance!!  in  which  il  ends.  Thus  the  ulli' 
male  lerminBltutKofnerveifor  voliiion,  and  ordinary  fenfalion, 
appear  lo  be  in  the  reticular  membrarie,  the  comniun  covering 
af  all  ihe  iliD'erent  fubflftticei  in  an  aniraai  body,  snd  Ihe  con- 
M^ng  niedlum  of  all  dilCaiilar  p3rl«. 

By  this  fimple  dif)xiiilion,  the  nicdullary  fubflance  of  nerve Diffu Con  of  nei^ 
iv  fpreoJ  through  all  organized,  fenfible.  or  motive  parts/'""""'*"' 
fotaiing  a  continoily  which  i»  probably  the  otcafioii  of  fvtn- 
pathy.  Peculiar  nerves,  fuch  as  tlie  6fll  and  fecond  pairs, 
Iha  porlio  mollii  of  the  feventh,  terminate  in  an  cxpanTc 
iieilullary  fiibHance  which  combines  with  other  parts  and 
nembrane*,  flilt  keeping  Ihe  fenfible  exo.'I's  of  ihe  peculiar 
ned«IUry  tnailcr. 

Tbe  peculiar  fubflance  of  nerves  muft  in  lime  become  ioer.Reftorrtioo  «f 
ficitot ;  and.  as  it  is  liable  to  injuries,  the  power,  of  rsftoralion,"?""  "^  '"""• 
sad  repair,  are  CKienJed  to  ihal  ntaieriaf.  The  re-union  of 
ei  after  Iheir  divifion,  and  ihe  leproduflion  after  pari  of  a 
s  hai  been  cut  away,  have  been  elUbtilbed  bydeciljvQ 
ckperiments.  Whether  there  i«  any  new  medullary  Uiblianee 
tnployed  lo  fill  up  the  breulc,  and.  if  fa,  whether  ihc  new 
bibfiance  be  generated  at  llie  part,  or  protrii.lcd  along  the 
Bvrvout  Iheca  from  the  brain,  are  points  undettrmined :  Ilia 
hi&ory  q(  ihe  formation  of  a  itsluE,  the  flruflure  of  cerlain 
lonnerf,  and  (he  organisation  of  limpl«  animals,  alt  feem  lo 
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favour  the  probability,  lliat  tlie  metfullary  mBller  of  nerves  il 
furnicd  at  llie  pans  where  it  is  requited,  and  not  in  ilie  p(in> 
cipal  (cal  of  l)ie  cirrcbjal  medulla. 

This  dofltiiie,  clearly  eftabliflied,  would  lead  to  the  belief, 
of  a  very  extended  cointniitute  of  ihit  jvecaliar  maltcr  ii 
the  fen&ble  and  irriiablo  pail.i  ot'  animal;,  leavii>g  the  nervet 
'in  (heir  limited  difltibution,  ihe  liinple  office  of  conveying  iiH' 
preffions  from  the  Iwo  feiilicnt  mairuii  with  which  their  ex- 
iremilici  are  connected.  The  raoft  limple  animals  in  whom 
nv  vilible  sppearaLice<i  of  brain  or  nerves  are  lo  be  fomid.  and 
no  fibrous  arrangement  of  mufcle!;i  may  be  confidered  of  thii 
defcriplion;  Mr,  Jolin  Hsnler  appeared  to  have  had  fome 
incomplete  notions  upon  this  I'ubjeC),  which  may  be  gathered 
Irom  his  rep  re  fen  tali  on  of  a  materia  viia;  in  hisTreatife  on  th« 
Blood,  &c.  Ferhap'i  it  would  be  more  proper  lo  diflinguilh 
llie  peculiar  matter  of  mufcle  by  fome  fpecific  term,  fuch,  for 
example,  as  materia  contraftilis. 

A  particular  adaptation  for  the  nerves  which  fupply  Ihs 
«le£lrical  balleries  of  the  torpedo,  and  gymnolu',  iiobfervable 
exit  of  each  from  the  Ikuil ;  over  which  there  is  a  limi 
cartilage  a£ling  as  a  yoke,  with  a  mufcle  afhxed  to  it,  for  th* 
obvious  purpofe  of  comprefCon:  fo  that  a  voluntary  mufcle 
probably  governs  the  operations  of  the  battery.  ' 

The  mailer  of  the  nervei,  and  brain^  is  very  fimilar  in  alt 
the  dilfcrent  clafles  of  animals, 

Tiie  external  configuration  of  animals  is  not  more  varied 
ihan  their  internal  flrufiure. 

-  The  bu!k  of  an  animal,  the  limilqlton  of  ils  exigence,  Uw. 
medium  in  which  it  lives  and  the  habits  it  it  dellined  tO 
purfuc,  are  each,  and  all  of  them,  fu  many  indications  of  ths 
complexity  or  limplicily  of  liieir  inlernal  ftruclure.  It  il. 
notorious  that  the  number  of  organs,  and  of  members)  is  varieA 
in  all  (he  different  clalfes  of  animals ;  the  vafcular  and  nervoM 
fydemsi  the  refpiratory,  and  digellive  organa,  the  parts  fott 
procreation,  and  the  inlhumeots of  motion,  are  feverally  varied^; 
.  and  adapted  to.ihe  condiilon  of  the  fpecies.  This  modtlicati 
of  anatomical  Arudurc  is  exicmied  in  the  lowelt  tribes  of  aniM 
inals,  until  (he  body  appears  (o  be  one  homogeneous  fub(lanr~ 
The  cBviiy  for  receiving  Ibc  food  is  indifTerenily  the  iiitern 
or  external  furfacc,  fur  (iiey  may  be  iovctlud,  and  Dill  c< 
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tinae  to  digeft  food ;  the  limbs  or  tantacula  may  be  cut  off, 
snd  they  will  be  regenerated  without  apparent  inconvenience 
to  the  individual :  the  whole  animal  \%  equally  fenfible,  equally 
irritable,  equally  alive:  its  procreation  is  gemmiferous.  Every 
part  is  pervaded  by  the  nutritious  juices,  every  part  is  adted 
vpon  by  the  refpiratory  influence,  every  part  is  equally  capa- 
ble of  rootionj  and  of  altering  its  figure  in  all  diredions, 
whilft  neither  blood- vefTels,  nerves,  nor  mufcular  fibres,  are 
difcoverable  by  apy  of  the  modes  of  inve (ligation  hitherto 
inAitated. 

From  this  abifra^  animal  (if  fuch  a  term  may  be  admitted)  '»  ^1  mimul 
vp  to  the  human  frame,  the  variety  of  acceflbry  parts,  and  of  jg  e,ijII|JJ,  *  ^ 
organs  by  which  a  complicated  machinery  is  operated,  exhibit' 
infinite  marks  of  defign,  and  of  accommodations  to  the  purr 
pofes  which  fix  the  order  of  nature. 

In  the  more  complicated  animals,  there  are  parts  adapted  ^"  ^  *"<"* 
^-..,  .  Lr.i*  .-•  .L-       complicated  am* 

for  tnvial  conveniences,  much  or  their  materials  not  being  ^jj/ ^u^lj  ^ 

alive,  and  the  entire  offices  of  fome  liable  to  be  difpenfed  ^^cir  materials 
with.  The  water  transfufed  throughout  the  intcrfticial  fpaces^  '^^^  *^** 
of  the  animal  fabric,  the  combinations  with  lime  in  bones, 
(hells,  and  teeth ;  the  horns,  hoofs,  fpines,  hairs,  feathers^ 
and  coticular  coverings,  are  all  of  them,  or  the  principal 
parts  of  their  fubfiance,  extra-vafcular,  infenfible,  and  un- 
alterable by  the  animal  funftions  after  they  are  completed.  I 
have  foriped  an  opinion,  grounded  on  extenfive  oblervation, 
that  many  more  parts  of  animal  bodies  may  be  coniidered 
as  inanimate  fubl]ai)ce< ;  even  the  reticular  ipembrane  iifeif 
feems  to  be  of  this  claf^,  and  tendons,  which  may  be  thecon- 
denfed  Hate  of  it ;  but  thefe  particulars  are  foreign  to  the 
prefenl  occafion. 

The  deduction  now  to  be  made,  and  applied  to  the  hiflory  fo  that  aniinated 
of  mufcular  motion,  is,  that  animated  matter  may  be  conneded  ^^jj^™j^-^j^ 
with  inanimate;  this  is  exemplified  in  the  adhefions  of  the  inanimate. 
muicles  of  multi- valve,   and  bi-valve  fliell  6(h,  to   the  in- 
organic (hell,   the  cancer  Bcrnhardus  to  the  dead  ihells  of 
4>ther  animals,  and  in   the  tranfplantation  of  teeth.     All  of 
which,   although   fomewhat   contrary   to    received   opinion, 
have  certainly  no  degree  of  vafcularity,  or  vital  connexion 
with  the  inhabitant ;  (hefe  (hells  being  liable  to  tranfudahons 
pf  cupreous  falts  and  other  poifonous  fubftances,  whilfi  the 
animal  remains  uninjured.     A  variety  of  proofs  to  the  famq 
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eflTefl  might  be  adduced,  but  it  would  be  difrcfpe^iriil  to 
to  this  learned  body  to  urge  any  farther  illuftrationson  a  fubjefk 
fo  obvious. 
Divifion  of  the       f^e  e^eSti  of  fubdivifion,  or  comminution  of  parts  among 
Lai deftroyt the  ^^^  complicated  Organized  bodies^  n  unlike  that  of  mineral 
c(mfi9nxuuon  $    bodies :  in  the  latter  inflance,  the  entire  properties  of  the  fub«  . 
liance  are  retained,  however  extenfive  the  fubdiviiion  ;  in  the 
former  fubftances,  the  comminution   of  parts  deftroys  \hm 
effential  texture  and   compofition^  by   feparating  the  groft 
arrangements  of  Hrudlure  upon  which  their  fpecific  properties 
•^ot  M  tlK  mort  depend.     From  (imilar  caofes  it  feemsto  arife»  that  aniroah 
#n^  Ae      c-^£  minute  bulk  are  neceifarily  of  fimple  (lru6ture:  fise  alon« 
is  not^  however,  the  fole  caufe  of  their  fimple  organisation, 
becaufe  examples  are  fufficiently  numprous  wherein  the  animal 
attains  confiderable  bulk*  and  is  of  fimple  (Imdure.  and  rict 
verfd  :  but,  in  the  former,  the  medium  in  which  they  live,  and 
the  habits  they  aflfume,  are  fuch  as  do  not  require  extenffve 
appendages,  whild  the  fraaller  complex  animals  are  deftined  to 
more  difficult,  and  more  adlive  exertions.     It  may  be  affumed 
however,  as  an  invariable  pofit ion,  that  the  roinuteft  animals 
are  all  of  fimple  organi;s9tion. 
LUe  may  on  a         Upon  a  fmall  fcale,  life  may  be  carried  on  with  fimple  ma« 
fupTOrbaTwrth    ^^^ials;  but  the  management,  and  provifions  frir  bulky  animals 
iimple materials;  with  numerous  limbs,  and  variety  of  organs,  and  appendages 
bulky  aniroala     pf  convenience,  are  not  effe^ed  by  fimple  apparatus;  thus,  the 
require  Taricty    fl^eleton  which  gives  a  determinate  figure  to  the  fpecies,  fup* 
ports  its  foft  parts,  and  admits  of  a  geometrical  motion,  is 
Tbui  large  ani-  placed  interiorly,  where  the  bulk  of  the  animal  admits  of  the 
Ws'^w'ithm"'    ^^^^^  ^^'"^  fufficiently  ftrong,  and  yet  light  enough  for  the 
them,  fmallcr     moving  powers ;  but  the  fkeleton  is  placed  externally,  where 
have  thsmwith- 1|^^  hody  is  reduced  below  a  certain  magnitude,  or  where  the 
movements  of  the  animal  are  not  to  be  of  the  floating  kind :  in 
which  lad  cafe  the  bulk  is  not  an  abfolute  caufe.   The  examples 
of  tefiaceous  vermes,  and  coleopterous,  as  well  as  mod  other 
infects,  are  univerfally  known, 
Cryftajline  of         The  opinion  of  the  muicularily  of  the  cryfialline  lens  of  the 
tee  eye,  muf-    ^^^^  ^^  ingenioufly  urged  by  a  learned  member  of  this  Society^ 
is  probably  well  founded;  as  the  arrangement  of  radiating  lines 
of  the  matter  of  mufcle,  from  the  centre  to  the  circumference 
of  the  lens,  and  thefe  compacted  into  angular  maire.s  would 
produce  fpecific  alterations  in  its  figure, 
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Tht*  rapid  Ckeleh  of  llie  hiOnry  at  mnrcular  Am£lare  liai 
been  ufauuj«<l  twfure  (he  Koyal  Society  (u  inboiluce  Ihc  prin* 
hpal  cxperinicnK,  and  roBl'Dningi  Mhith  arc  to  ti^low ;  ihcj 
Mv  not  ofciered  wiili  )ii  much  exaancr«  a>  bccnmes  a  more 
drlibcnleriray,  but  the  inrenlim)  already  Aaleti.  andlbeltmili 
<>f  ft  Ic^re  arc  ofTucti  »>  ilie  apology. 

Ttmpenture  ha.(  sd  eiraiiilal  influence  over  liie  actions  ofTeirpenowd 
t,  hat  il  is  not  i\ixe(Uty  that 
duMid  fabCn  in  all  murt:lci  during  ihi 
«ffimiial  llial  all  th«  murcular  parij  of  ihc  lamp  animal  flinuld 
b»  of  unritirm  leiii)>eraltirei  tor  (he  doe   perfornisiice  vf  lite 
native  ran^toiH. 

Il  appear*  thai  all  (lie  clalfes  nf  animaU  are  endnwed  with  Ail  miniili  da 
(ome  pow-cr  of  producing  ibermometrJcal  heat,  fince  it  bat^     "**       '• 
been  h  cHabfilltcd  in  the  amphibia,  pices,  vertnei.  and  iiifeda, 
b;  Mr.  Jolin  Hunter;  a  Faft   which  has  been  veritieil   (o  my 
^K^m  experience  ;  the  (erm  "  cilil- blooded"  ii  therefore  only 
telBtive.     TTie  ratio  of  lhi»  power  i*  nol,  liowuver,  in  ihefe 
«»inplef,  fnffidenl  (o  prefervs  (heir  equable  tempcralure  in 
«(kld  dirnaicK,  lb  that  ihty  vield  lo   ihe  chariKes  of  the  al.bgi  ireilforf. 
siofphere,  or  (he  medium  in  which   ihey  refide,  and  moll  "fj^ift^^^^^ 
them   become  torpid,  approaching  to  ihe  depee  of  freezing  ilon. 
water.     KvL-n  the  mammalia,  and  avw,  polTefi  only  a  power 
of  refiAing  ccrlain  limited  degrees  of  cold ;  and  their  furface), 
M  w«1]  at  their  limb',  being  diltant  from  (he  heart,  and  prin- 
fipat  blood. vuiTeU.  (he  mulcnlar  parts  fo  liluated  ere  fubjcA 
toconfiderable  variationi  in  (heir  (emperalure,  the  influence  of 
Wlifcb  i<  Icnown. 

In  thofeclBfTei  of  animals  which  have  liKle  power  of  gene-  The  coMcr 
rating  heat,  (here  aie  remarkable  dilferenc*^  in  the  Kruaure"    ' 
nf  their  lungi,  and  in  (he  coinpofiliun  oF  their  blood,  from  the 
mammalia  and  avei. 

Refpiraiioti  is  one  of  ihe  known  caufet  which  influences  the  Refpirrfon  i  Mj 
tempera (urec  ot  animaU  :  where  Ihefe  organ*  are  extenfive,  "[^^l  !,„' 
the  fefpiratlonn  are  performed  at  regiibr  Iniervalt,  and  are  nol  pentura  i 
governed  by  (he  will,  the  whole  malii  of  blood  being  cxpofed 
to  the  atniorphere  in  each  circulation.     In  nil  fuch  animali 
living  without  the  Iroplcf,  their  temperaluie  ranges  above  (he 
ordinary  heal  of  ihe  atmofphere,  thiir  blood  containn  more  of 
the  red  particlet  than  in  (he  other  clalTcj,  and  their  mufculai 
irritabilily  ceafes  more  rapidly  alter  vitrient  dcalh, 

Tiie 
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•Dd  in  the  cold.     The  refpirations  of  theanlmalsdenoininated  "  cold-Uood«d,'' 
*  are  effeded  differently  from  thofe  of  high  temperature ;  in 

fome  of  them^  as  (he  amphibia  of  Linnaeus,  the  lungs  receive 
alroofpheric  air«  which  is  arbitrarily  retained  in  large  cells,  and 
not  alternately,  and  frequently  changed.  The  fiflnes,  and  the 
tedaceous  vermes,  have  lungs  which  expofe  their  blood  to 
water,  but  whether  the  water  alone,  or  the  atmofpheric  air 
mingled  with  it .  furnifh  the  changes  in  the  pulmonary  bloodn 
is  not  known. 
In  iniedf.  In  mod  of  the  genera  of  infers,  the  lungs  are  oborefcent 

tabes  containing  air,  which,  by  thefe  channels,  is  carried  to 
every  vafcnlar  part  of  the  body.  Some  of  the  vermes  of  the 
£mpler  conflrudion  have  no  appearance  of  diftind  organs*  but 
the  refpiratory  influence  is  neverthelefs  eflential  to  their  ex* 
idence,  and  it  feems  to  be  effeded  on  the  furface  of  the  whole 
body. 

In  all  the  colder  animals,  the  blood  contains  a  fmaller  pro* 
portion  of  the  red  colouring  particles  than  in  the  mammalia, 
and  aves ;  the  red  blood  is  limited  to  certain  portions  of  the 
body,  and  many  animals  have  none  of  the  red  particles. 
EkDcriment:  1^^^  following  animals  were  put  into  feparate  glafs  veHels, 

CoW  *^loodcd      each  "filled  with  a  pound  weight  of  diftilled  water,  previoufly 
eluded  in  vncter  hotled  to  expel  the  air,  and  the  vcdeis  inverted  into  quickfilver; 
over  mercury,     ^iz,  one  gold  fifli,  one  frog,  two  leeches,  and  one  freQ)« water 
th     d^  but  n^ufcle.*     Thefe  animals  were  confined  for  feveral  days,  and 
no  gas  was  emit- expofed  in  the  fun  in  the   day-time,    during  the   month   of 
****»  °^'*'*'*^^  January,  the  temperat^ure  being  from  43°  to  4-S^,  but  no  air 
bubbles  were  produced  in  the  veHels,  nor  any  fendble  dimi- 
nution of  the  water.     The  frog  died  on  the  third  day,  the  fi(h 
on  the  fifth,  the  leeches  on  the  eighth,  and  the  freOi-water 
mufcle  on  the  thirteenth^     This  unfuccefsful  experiment  was 
made  with  the  hope  of  afcertaining  the  changes  produced  in 
water  by  the  refpiration  of  aquatic  animals,  but  the  water  had 
not  undergone  any  chemical  alteration. 
HybertMtinf  AnimaU  of  the  clafs  mammalia  which  hybernate,  and  become 

ind^w^fiilir   ^^^P*^  ^"  ^^^  winter,  have  at  all  times  a  power  of  fubfifting 
refpiration.  under  a  confined  refpiration,  which  would  dcftroy  other  ani* 

mals  not  having  this  peculiar  habit.  In  all  the  hybernating 
Pecururity  of  mammalia  there  is  a  peculiar  Hrudure  of  the  heart,  and  its 
httrt^'d'its  P''incipal  veins;  the  fuperior  cava  divides  into  two  trunks; 
veins.  the  left,  paffing  over  the  left  auricle  of  the  heart,  opens  into 

*  Mj^tilus  Anatinus, 

the 
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the  infSerior  part  of  the  right  auricle,  near  to  the  entrance  of 
the  vena  cava  inferior.  The  veins  ufually  call^  azygos, 
accumulate  into  two  trunks,  which  open  each  into  the  branch 
of  the  vena  cava  fuperior,  on  its  own  fide  of  the  thorax.  The 
intercodal  arteries  and  veins  in  thefe  animals  are  unufually 
large. 

This  tribe  of  quadrupeds  have  (fie  habit  of  rolh'ng  up  their  Tbttr-bahi^aai 
bodies  into  the  form  of  a  ball  during  ordinary  fleep,  and  they  ^'^»"««<>'«, 
invariably  aflTu me  the  fame  attitude  when  in  the  torpid  fiate  :  the  torpid  ftat^ 
the  h'mbs  are  al!  folded  into  the  hollow  made  by  the  bending  ^^ 
of  the  body  ;  the  clavicle<i,  or  fird  rib^;,  and  (he  Hernum,  are 
prefled  againfl  the  fore  part  of  the  neck,  fo  as  to  interrupt  the 
flow  of  blood  vehich  fupplies  the  head,  and  to  comprefs  the 
trachea:   the  abdominal  vifcera,   and   the  hinder   limbs  are 
pothed  againfl  the  diaphragm,  fo  as  to  interrupt  its  motion^ 
and  to  impede  the  flow  of  blood  through  the  large  vefTels 
which  penetrate  it,  and  (he  longitudinal  extenfion  of  the  cavity 
of  the  thorax  is  entirely  obftrud^ed.     Thus  a  confined  circu-  ^ 

lation  of  the  blood  is  carried  on  through  the  heart,  probably 
adapted  to  the  lafl  weak  adllons  of  life,  and  to  its  gradual 
recommencement. 

This  diminifhed  refpiration  is  the  6r{l  flop  into  the  flate  of  The  numner  is 
torpidity;  a  deep  fleep  accompanies  it:  refpiration  then  ceafes  ^^'<^hthat 
altogether ;  the  animal  temperature  is  totally  deftroyed,  cold-  is  afterwanU 
nefs  and  infenfibility  take  place,  and  finally  the  heart  concludes  ^cnninated. 
its  motion^,  and  the  mufcles  ceafe  to  be  irritable.    It  is  worthy 
of  remaijc  that  a  confined  air,  and  a  confined  refpiration,  ever 
precede  thefe  phenomena :  the  animal  retires  from  the  open 
atmofphere,  his  mouth  and  noflrils  are  brought  into  conta6l 
with  his  cheft,  and  enveloped  in  fur  ;  the  limbs  become  rigid, 
but  the  blood  never  coagulates  during  the  dormant  flate.     Oa 
being  roufed,  the  animal  yawns,  the  refpirations  are  fluttering, 
the  heart  adls  flowly  and  irregularly,  he  begins  to  ftretch  oat 
his  limbs,  and  proceeds  in  queft  of  food.     During  this  dor- 
mancy, the  animal  may  be  frozen,  without  the  deflrufijoii 
of  the  mufcular  irritability,  and  this  always  happens  to  the 
garden  fnail* ,  and  to  the  chryfalides  of  many  infedls  during 
Ibe  winter  of  this  climate. 

(The  conclufian  in  our  next.) 

♦  H^/ix  nemoralis. 
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DeJbripUon  qf  a  Boring  Tube,  in  gdntral  Ufe  in  America;  bat 

left  known  in  this  Country^ 

Jl  IG.  2.  Plate  X.  exhibiu  a  very  fimple  and  tngentousi  borer, 
confiding  of  the  common  cenlcrbit  of  ihe  carpenters  followed 
by  a  wide  flat  thread  fcrew,  hammered  up  from  a  plate  of  iron 
or  fteel.  It  is  faid  that  they  are  ufed  to  bore  holes  feveral  feet 
in  length,  and  the  peculiar  property  poflTelFrd  by  this  inftru- 
ment  is,  that  it  clears  the  cutting  without  requiring  to  he.  drawn 
OQt^  as  is  the  cafe  with  the  augur,  the  gimblet.  and  otlier  fimi- 
lar  tools.  I  do  not,  however,  think  that  it  would  have  this 
cflfefl  in  boring  perpendicularly  do\Nn  to  conllderable  depths  { 
but  for  horizontal  or  (lightly  inclined  hoIes«  its  etfed  mud  fully 
anfwer. 

It  may  not  at  firil  occur  to  the  reader  why  the  introduclion 
of  this  tool  into  a  hole  which  mud  contain  the  wood  that  for- 
merly  blocked  it  up»  (liould  not  be  attended  with  fome  degree 
of  impediment  or  jamming;  but  this  difficulty  will  vanifb, 
when  it  is  confidered  that  the  cuttings  are,  partly  by  their 
weight,  and  partly  by  fri^ion  againd  the  internal  cylindrical 
iurface,  prevented  from  revolving  along  •  \Xrith  the  fcrew. 
The  confequence  is  that  they  are  prefTed  againd  its  thread, 
and  Oide  along  it  towards  the  handle.  And  as  this  motion  or 
(hifting  of  the  thread  is  quicker  than  the  n}olion  of  boring,  by 
which  the  whole  tool  is  carried  inwards^  the  cuttings  mud 
come  out  with  a  velocity  nearly  equal  to  the  difference  of  thefe 
two  motions. 
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IX. 

Geographical  and  Topographical  Improtttnenlit,  By  John 
Chvrchmak,  EJ^,  M,  Imp,  Acad,  of  Sciences,  Peterjl 
burgh* 

It  appears  to  be  ia  matter  of  much  importance  to  the  people 
of  any  country^  at  all  times,  whether  in  war  or  peacei  to  pof* 

♦  from  the  Traiirf.  of  the  See.  of  Arts  for  1804,  who  voted  thr 
filvef  medal  to  bim  for  the  fame. 
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',  fuch  know- 
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iTy  and  ac-  Utiiitj  of  tec 

"""'""  sl^h!  to? 

I  will  (liow  al 
height  of  the 


CeCt  »  complete knowled^  or  its  fur&ee.  In 
ledge  it  abfohllrly  necelTary  for  defence;  ii 
piminff  Ihc  country  to  ttiu  bvll  advantag^e. 

fiovr,  fince  gwigraphy  may  be  improseH, 
cnraie  method  to  lay  down  tnap< 
and  hilly  eflalet,  will  peilia[>i  ptuve  uferul, 
a  fiogic  vi«w  tlie  (rue  Ihapft  and  comparali 
ground  »illi(mt  itie  art  of  painling. 

A*  mouniaiiK  are  apt  to  cclipfe  each  other,  a  perfpeAlve  MonMun*  oa- 
view  H  feWom  -rety  exienave,  ihe  rale,  of  wliicli  fall  Ihort  X^„1^^^', 
of  giving  an  acciKale  ide^a  of  any  hilly  countrv;  beraufe  fuch  tfe&\re, 
a  virw,  ilioiigh  Uriflly  line  in  otic  particular  place,  is  not  fq 
in  any  other.     Tiie  altitudei  of  mountains  appear  in  proportion 
la  ibe  (lilfance  from  tlic  eye,  and  no  lule  in  {jtromelry  hai  been 
fuat^  laliicicnt  lo  tlulertnini,'  ilitiance*  Irom  any  fingli;  (lotion. 
N'eiiher  <^n  a  bird'i-eye  view  of  an  eflale  aftcrlain  llie  depth 
of  vmlteya  or  the  Imij^ht  uf  mounlaiiit.      But   llit:  method  here 
propofed  will  be  found  equally  capable  of  giving  Ihs  trite  (hape 
of  any  gruuiul  above  or  below  waler.     ll  may  be  forceftfully 
Bpplitd  Jo  fi-a  charts  and  »'ill  I'fcvcnt  much  cunfiifion,  ariflng 
frooi  ifae  tediout  method  of  dillingu idling  faundii>g«  by  a  iduI- 
liliide  of  Agurei. 


Soppole  a  full  dcfcripiion  is  requiretl  of  any  Mand  in  Ihe  Ke«  mtdwd. 
OCMR.      Firll,   let  an  atcurale  map  be  laid  down  in  the  com-"*'"  't'^ 
mon  way;  and  let  the  perpendicular  height  between  ihshigli- Mirk  the  *^nt 
eft  point  of  land  and  l!>e  ocean  be  divided  inio  any  number  of°^  bighcftde- 
equal  parts.     Suppofelhefe  equal  divilions  are  100,200.  300,  ^'-"u  "^^'J^'' 
•  .400  feet  above  the   low-water  matk.       Vium   the   dlHelent '»  c)e>»ion  by 
pointt  of  Ihcfe  feveral  divilions,  let  hofleonial  linei  be  run  ^^^"^ l^"^^"^ 
with  a  goo^  theodolite,  and  fpirit  level  bnnexed,  all  round  the  theodolite 
Ihe  ifland.     If  the  work  h  welt  done,  eadi  line  will  end  where'/"''"""""' 
it  began;  and  if  the  bearin^^i  and  dill^ 

lin«*are  truly  laid  down  on  the  map,  the  crooked  coarfei  of^^' 
'   Uiein  will  clfaily  iliow  ihe  (lupe  of  the  ground  over  wliich  they 
L  pf(.     For  example  ;  if  any  horizontal  line  paffcs  by  the  fide  ■">"• 
[  iif  a  ITeep  hill,  it  will  incline  towards  the  ocean,  or  —  •  - 

I  Ibr  next  horizontal  line  below  il .     WTicn  the  fame  line  crolTcs  of  ttt  couaity. 
[  «  (IreaiQ  of  ninnirg  water  or  a  valley,  it  will  naturally  bend 
Vp  the  fide  of  the  faid  ftrcatn,  nntil,  it  can  crofc  it  wilhoul  lo(ing 
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the  level ;  or,  in  other  words,  it  iwill  bend  towards  the  centre 
of  the  ifland.  Hence»  by  a  little  pradtice,  the  (hape  of  the 
feveral  horizontal  hnen  on  the  nap  will  give  as  clear  an  idea  to 
the  mind,  of  the  (hape  of  any  country  over  which  they  pafs, 
as  a  fight  of  the  country  itfelf  can  convey  to  the  eye.  But  to 
obtain  a  mathematical  and  true  knowledge  of  the  altitude  and 
declivity  of  any  part  of  the  country,  we  have  the  following 
proportion : 
^prigoioiiietricat  As  the  perpendicular  height  of  any  one  horizontal  line  above 
rule  for  the  4e-  another  is  to  the  radius:  fo  is  the  horizontal  diftance  between 
the  horizontal  lines  meafured  on  the  map  at  any  particular 
place :  to  the  co-tangent  of  declivity  at  that  place. 

^oto«— If  the  hori2sontal  diflance  between  any  two  horizon- 
tal  lines  on  the  map  is  equal  to  the  perpendicular  height  of 
finy  horizontal  line  above  another,  the  angle  of  altitude,  or 
declivity,  of  any  hill  will  be  45  degrees. 
AitaBtageis  The  prefent  improvement,  which  I  believe  to  be  entirely 

new,  will  be  found  to  poflefs  the  following  advantages  : 
mlfiury  •  !&•  MiHlary  men  are  well  acquainted  with  the  many  ad- 
vantages always  to  be  gained  from  the  eyad  reprefentation  of 
high  grounds.  By  this  method,  we  are  able  to  give  (he  angle 
of  altitude,  the  angle  of  declivity,  and  perpendicular  height 
of  every  hill ;  likewife  the  comparative  height  of  different 
hillSf  the  bed  route  by  which  the  high  grounds  may  be  gradu- 
aliy  afcended,  and  where  heavy  burthens  can  be  drawp  up 
with  mofi  eafe* 
IbrdoflKf-     2dly.  Experience  has  fufficiently  (hown,  that  (he  inhabitant^ 


tk  nd  econo-     ^f  j^^  grounds  are  fubjedl  to  dilferent  kinds  of  (ic  knefs,  fron;» 

which  thofe  living  at  places  elevated  to  a  certain  degree  arc; 

exempt.     A  map  on  this  improved  plan  will  point  out  the 

moft  proper  fituation  for  building  dwelling-houfes.     It  will  be 

ufeful  in  botany,  in  difcovering  or  cul(iva(ing  fome  kjnds  of 

plants  which  flouriOi  bed  at  particular  dldances  above  th<; 

level  of  the  ocean.     It  will  trace  (he  line  of  vege(a(ion  on 

the  fides  of  lofty  mountains,  whofe   tops  are  covered  w  ith 

eternal  fnow. 

•i^-CD  dircd  igri-     3dly,  Some  high  lands  are  known  to  produce  good  grain, 

cultural  improve- ^t,j]Q  low   lands  afford   grafs   more  abundantly;    but   moft 

*.  grounds  produce  good  grafs,  over  which  a  moderate  quantity 

\     *  of  running  water  is  conveyed.     A  plan  of  any  country  in  thi^ 

V  way  will  (bow  all  the  ground  that  can  be  irrigated ;  where 

water- 


bsooRAPHiCAL  Alit>  toi^ograpbicxl  improvbmimts*  tSSH 

w»ter-#ork^  may  b^  eredted;  where  navigable  canals  may  bt 
cat;  and  where  high- ways  and  raiUroads  may  be  IM  out  on 
the  beft  and  mod  level  ground.  . 

4Chly.  The  fubterraneous  treafares  of  the  mineral  and  foffil  — ^^, 
kingdoms  are  generalU  found  in  (Irata;  and  if  they  are  not 
truly  horizontal)  they  make  a  certain  angle  with  the  horizon* 
A  map  On  this  projedlioh 'may  enable  tiie  roineralogift  to  follow 
any  one  ftratum,  at  places  even  far  diftant  from  each  other. 

Problem. 

To  find  the  true  declivity  of  any  piece  of  ground,  in  any  map  Cnmpkt 
laid  down  on  th6  principles  of  the  prefent  plan.  ^^    * 

Example  \ft.  for  D.  fie  Plate  IV. 

As  the  perpendicular  height,  4  feet      •        «        6Q206 
Is  46  radius,  90?  •  ^  •         10.00000 

So  is  the  horizontal  diflance,  4  feet  -        60206 


To  the  co-tangent  of  the  declivity,  4.5^ 

10.60206 
10.00000 

Example  2d.  for  B. 

As  the  perpendicular  height,  4  feet 

Is  to  radius,  90^               ... 

So  is  the  horizontal  diilance,  8  feet 

60206 

10.00000 

.       90309 

To  the  co-tangent  of  the  declivity,  26*  34' 

10.90309 
10,30103 

Example  ^d,  for  C 

As  the  perpendicular  height,  4  feet 

Is  to  radius,  90*               ... 

So  is  the  horizontal  diftance,  18  ieti 

60206 

lO.COOOO 

1 .25527 

11.25527 
To  the  co-!angent  of  the  declivity,  12*  32^       10.65321    . 

The  annexed  furvey,  Plate  IX.  of  a  fmall  lake  and  artificial  A  fwrvcy  ic- 
mountain  in  the  garden  of  his  Excellency  Count  de  Strogonoff,  ^gthlod. 
near  St.  Peterlburgh,  has  been  clofed  by  the  tables  of  the  dif- 
ference of  latitude  and  departure,  as  follows: 
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fiBiiiclead. 
Cupeb  made  of 
■ftcs. 


Sarljr  obferva- 
tion  tbtt  the 
oxide  of  lead 
penetraiet  che* 
■licalTeflelsy 
wKUe  filter,  if 
prefenty  rcauiBt 


X. 

A  Memoir  on  the  refining  qf  Lead  in  the  large  Way.    Containing 
Jfnne  Refledions  on  the  Inconveniencies  refulting  from  CupeU 
made  qf  AJhes ;  with  a  new  and  (economical  Method  qf  con- 
firuBing  thoje  Cupeb,    By  Citizen  Duhamel.* 

HtVERY  one  knows  that  in  order  to  eflfed  the  reparation  of 
iilver  from  lead»  a  procefs  called  refining  or  cupellation  it 
made  ufe  of,  which  is  effected  in  a  bafon  called  a  cupel ;  and 
It  is  likewife  known  that  this  l^afon  is  formed  of  the  a(hes  or 
incinerated  remains  of  animal  or  vegetable  fubflancest  after 
depriving  them  by  wafbing  of  what  faline  matter  they  may 
contain. 

The  great  quantity  of  wood  a(hes  required  for  making  thefe 
cupels^  and  the  difhculty  of  procuring  it,  have  long  ago  in- 
duced me  to  feek  for  a  more  Ample  and  lefs  expenfive  means 
uf  forming  thefe  velTels. 

The  early  chemifU  having  obferved  that  lead  becomes  ox- 
ided  and  converted  into  what  is  called  litharge,  when  it  is  ex« 

*  This  memoir  is  tranflated  from  the  Memoirs  of  the  French 
National  Inftitute,  Vol.  III.  at  the  ^ueft  of  a  correfpondent. 

pofed 


poftf'I  lo  fire  wiih  tbe  conlaft  t>f  almofpliefic  air,  while  tli*  fi!- 
T«T  it  may  conlain,  prefcrvet  i[i  metallic  form  ;  il  only  re- 
named for  ihem  lo  conlrive  ti  melhod  of  reparaling  Ihelie  Iwo 
wclali.  They  were  let)  lo  thU  melhod  byobfefving  ihai  th« 
««id«or  lead,  in  its  ftale  of  liquefaSion  eafily  penetraies  Ili« 
(ibAsnccs  wiih  which  il  may  be  in  conlafl,  particular  bone 
albe«,  wiihout  dellroying  ihe  figure  of  the  velTcl  made  of  (hat 
tnkieiivl.  In  faft  ihere  it  no  fubdance  whatever  which  is 
belter  adsptvd  to  lurm  (he  fmall  cupeli  for  Hllayinf;. 

The  diAiculty,  end   oUcn   ihc   impoflibility   of   pi''*'"'"8  f^"!?' "(^ 
threeorfoor  btiftiels  of  bone  albesin  Germany,  fur  each  time  ^j,  ^f  ^,^ 
<rf  refiniDg,  ha*  led  lo  Ihe  adoption  of  the  allies  of  wood.    But  '"  "t'^  ft"  "- 
not  lo  meiilion  iliat  Ihefc  are  of  tonliderable  price,  and  not  ^,^,j  ^^. 
slursjs  lo  be  had,  the;'  prefent  oiioihet  inconvenience,  by  bikm, 
often  tiUng  and  flonling  on  the  furface  of  the  lead.      VV'heo  thii 
feippeno,  the  procefs  mull  fail;  and   il  (toot  happen  an  often 
W  tbe  allies  arc  ill  prepared,  or  the  cupel  not  fufficiently  «t 
irregularly  beaten,  or  ihal  ihe  openings  !el[  for  Ihe  evaporation 
of  Ihe  humidity  are  not  properK  difpofed,  or  enough  in  num- 
ber, or  clofcd  by  a  portion  of  the  fcori^e  upon  which  Ihe  tkiur 
W  madeio  receive  the  a Ihes.  Thi<Door  oughi  tube  conllru£te4 
of  Ihe  mofl  poruui  brick»,  in  order  that  tlie  water  with  which 
fbe  albes  mull  be  wetted  may  penetrate  ihem  and  evaporate 
^lo  Ihe  bed  of  fcoria,  and  efcape  through  the  opening  at  lii« 
bottom  of  llic  furnace. 

The  elaflicily  of  this  aqueous  vapour  frequently  caufes  ex- 
plofioot,  which  not  only  dilbtder  the  cupel,  but  even  the  mah 
tanry  of  the  furnaorj  if  it  be  not  properly  conlirufled. 

In  order  lo  afcertiiin  ihe  proportion  nf  lilverin  any  quantity  CapdSoivf 

lead,  it  is  only  neceffary  lo  pafs  a  few  pennyweighli  into  a  "  " 
finallctipel  of  bone  aflie*  placed  under  [he  mulHe  of  an  alTaj- 
•Hs  fumacei  at  t hi:  lea' 1  becomes  nxided  it  is  imbibed  in  (he 
cupel,  and  at  length  the  phenomenon  of  brighlentng  lakes 
^flce  upon  the  metallic  bulioa,  This  appearance  niews  that 
•U  the  lead  h  diftipatcd,  and  tile  remaining  htvcr  in  a  pure 
fate. 

>  In  the  large  wayr  of  refining,  the  fame  objefl  of  feparating  Rrgaixi  in  ttm 
Hba  filver  from  i!ie  lead  is  aimed  at,  but  The  lead  1%  not  in-  '"K*  -"»  "•• 
tended  to  penetrate  inio  Ihe  cupel,  v*hich  in  faS  is  imprai£ti-  ,ile  itTiyiaj  prv 
cable.  For  the  total  ahforplion  of  this  metal  would  require  a  "|''  "iKwin  "l* 
tauch  greater  quinlily  of  albet,  with  the  coafumpiiun  cf  a  ten"*'  '"  *" 

5  fold 
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fold  (lorlion  of  lime  and  fuel  i  befides  whicbf  the  lofs  in  rfl^ 
covering  (he  lead  by  fudon  of  the  cupel  i$  very  expenfive  and 
(he  produd  Icfs  confiderable  than  in  the  common  way,  Thm 
oxide  of  lead  obtained  in  this  lad  method  may  be  eafiiy  fafed, 
and  reduced  if  needful ;  but  it  h  an  article  of  value  in  the 
arts,  and  therefore  very  acceptable  in  the  market  in  its  fiate 
of  oxide. 
VeflTds  of  clay  The  lead  ores  and  litharge  may  be  fufed  %s  is  done  in  Ebg* 
^^^^  ^land  and  Britanny,  in  a  reverbatory  furnace,  of  which  the 

floor  or  bafon  is  formed  of  moiftened  and  rammed  clay.  Tbefe 
floors  refill  the  a61ion  of  fire  as  well  as  that  of  the  oxide  of 
lead  during  fix  or  eight  months  confiant  work. 
Hkelfe  «c  appli-     The  durability  of  thefe  bafons  of  earth  firfi  gave  me  a  no* 
cibIetoitfiiuig.jiQn  of  ti^^  method  I  ftiall  propofe  for  refining  furnaces,  in 
which  the  intention  is  to  o^ide  the  lead  in  order  to  obtain  li- 
tharge^ and  not  to  caufe  it  to  be  totally  abforbcd  in  (he  cupels* 
as  is  done  when  the  metal  is  aflayed,  to  (hew  how  much  filver 
it  contains. 
It  woqM  be  pre-      In  the  operation  upon  a  large  fcale  the  cupel,  though  of 
*?^^j^**  '^.    afhes  abforbs  only  part  of  the  lead,  as  I  have  already  remarked^ 
place*  obferving  at  the  fame  time  thai  it  would  be  much  more  adr 

vantageous  to  obtain  the  whole  converted  into  litharge,  of 
which  the  redudion  into  lead  is  infinitely  more  eafy  than  that 
of  the  oxide  contained  in  the  aflies,  which  refifi  fufion,  and 
afford  a  fcoria  that  always  contains  forae  metal. 
EngTiA  proceff.  .    Upon  a  cupel  of  aQies  ramnted  into  an  oval  ring  of  iron, 
i»  tont  of  lead    ^bout  five  feet  in  length  and  three  and  a  half  in  width,  the 
icarcely  any  ab-  EngllQi  refine  in  fuccefCon  about  twelve  ton  of  lead,  which 
^^^'T^^*  becomes  converted  into  fine  merchantable  litharge,  with  the 

exception  of  the  I'mall  portion  that  penetrates  the  cupel,  of 
which  the  thicknefs  is  lefs  than  three  inches.  This  cupel  is 
fupported  under  the  roof  of  the  furnace  by  two  bars  of  iron* 
The  litharge  is  driven  by  the  blafi  of  bellows  towards  the  an- 
terior part  of  the  furnace,  whence  it  falls  without  interruption 
upon  the  area  of  the  foundery  ;  and  at  the  fame  time  to  fupply 
the  (pace  which  this  iubtrad^ion  of  oxide  would  leave,  a  pi|^ 
of  lead  is  gradually  advanced  into  the  interior  of  the  furnace, 
placed  on  one  fide  of  the  nozel  of  the  bellows.  This  leai^ 
by  its  gradual  fufion^  keeps  the  cupel  full  till  towards  the  end 
et'  the  operation. 

3  I  have 
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1  baec  given  thh  (kelch  of  ihe  EnKlilli  procefs  only  in  itmvi  Th*  «nn  ;• 
il  i»  pofllblc  U>  retina  l«aij  wilh  v«r|  litlls  cxpence  (rf*"l'"''P- 
t  tor  forujing  llie  cupel*.     Tliofc  here  menlioiieJ  do  not 
:b  cigluy  pournii '  of  oxide  out  of  (he  l»ge  quantiljr  of 
liuu  nfiacj. 

iliron  we  [et  that  iDclallurgiUs  have  always  cniieavnured 
fihtun  (he  Kfcattrlt  poOible  qtiaiilily  of  lilliiirge  tai  the  I«al) 
a(b«ii  conUintng  oxiilo  t  bui  a>  they  did  not  imagine  ihejr 
»U  dcpnrl  Irnm  the  dorimaOic  pneed,  Itiffy  have  conilantly 
hde  iliuii  tupuli  of  allie*. 

We  h2P«  iorn  tliut  in  ihe  foiall  procefi  of  ciipellation  liie  TU  rcfiirir 
id  penetrate*  ilie  adies  at  il  becromet  oxiiled,  and  that  when  [""^"^  '"  *" 
I  mtire  lead  rcmaiiB  the  ImaH  bntron  of  tilvet  rcniaint  pure  * 

liie  boilom  in  Ihe  fphertciil  form,     Thic  opeiation  i>  Hfufled 
|i|h  more  fpecd  becaufc  tlw  fgrf^^  of  ihc  bath  isalwayscon- 
m  in  tli«fe  final]  velfoli,  und  cortfcqu cutty  the  litharge  rum 
f.  on alJlidet  toward*  tlw  edge  of  tlio  cupul,  where  il  a  ua- 
ndialcly  imbibcj. 
ju  This  U  not  the  cafe  in  Iarg«  cupek  of  fcvoral  yatdt  ditm-  — b"t  r«nngt 
bv.     Bellowi  mufl  be  ufed,  not  only  to  accelerate  the  o*\-  *"  ""  '"^■ 
liooby  ibeir  blaft,  but  lu  drive  the  lilliaijfo  LuAMdt  the  pa£- 
[e  or  ggller  which  U  left  for  its  iffue. 
tTba  uicanveniuncim  and  even  the  tmpoflibilii.)' of  caufing  ItmuDbcJtivai 
1  tlw  lead  to  peticirate  the  alliw  of  thefe  large  cupcU  have  "^  *'  b^iiowt. 
•n  alraody  remarted.     Thii  mult  be  evident  on  refli^ding 
It  the  oxidation  can  take  place  only  at  thofe  parts  uj  Ihe 
kth  which  are  expof^d  (o  the  conlafl  of  liie  air  and  ilic  Uaft 
the  bellowi.     The  litharge  near  the  middle  of  the  bafoa 
i  being  difpofcd  to  flow  luwardt  the  edge,  would  covet  ard 
iTcnd  the  mclal  from  any  farther  oxidation.     Hence  it  ii 
■t  (in  operator!  have  found  themfelves  obliged  to  drive  out 
•  litlHrge  by  the  mechanical  nflion  of  a  fiream  of  air  from 
Uowi. 

The  oxidation  therefore  (akefl  place  only  al  ihe  furface  of  Thr  oii.)«[inn  ii 
■  lead,  and  not  lower;  if  il  were  olherwifc,  the  aflies  ol  the  ^"^^'j^^'"' ** 
Ipal  would  be  penetrated  with  oxide  to  a  depth  wlocli  woald 
tmore  unequal  the  longer  ihc  operation  laRed.  Now  1  have 
•rayi  rcmatkcd  that  the  portion  of  aihe)  thus  imbibed  in  the 
IfB  retinerj  it  not  thicker  towards  the  center  of  ihe  bafon 
■n  lowardi  il9  ed^,  (hough  the  lead  rcmaini  thirty  or  forty 
iei  longer  at  the  bottom  than  Dear  ihe  ed^ev  bevaufu  the 
Vol.  XI.— JvLv,  ISOj.  P  baih 
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balh  confiantly  diminiOief  till  all  the  lead  is  reduced  into  Ii« 

Charge,  and  nothing  at  lad  remains  but  the  button  of  filver  at 

the  bottom  of  thecupel. 

Other  reafont        That  the  whole  of  the  lead  is  abforbed  in  the  cupel  of  a(fay» 

woceft  cal^     arifes  from  the  unequal  aAion  of  heat  upon  every  part  of  the 

be  m^de  by  ab-  fmall  velTel.     As  the  cupel  in  the  large  way  prefents  only  it^ 

fi>^<»'  fuperior  furfece  to  the  action  of^  the  heat,  the  oxide  thus  im* 

bibed  ceafes  to  penetrate  at  the  place  where  the  temperature  if 

no  longer  in  a  ftate  to  hold  the  oxiding  fufion.     For  this  realbn 

it  is  that  the  whole  of  the  cupel  h  throughout  impregnated  to 

an  equal  depth,  and  it  is  impoflible  to  caufe  all  the  lead  to 

penetrate  the  afiies. 

2^^i}^j_g  ^,  From  the  preceding  obfervalions  it  will  be  eafy  fo  conclude 

Ibught  as  a  pro-  that  though  the  affay  of  lead  mud  be  made  in  fmall  cupels  of 

f™  m  Che  »"««jjQng  afhes.  in  order  that  the  whole  of  the  oxided  melal  may 

way*  ' 

either  be  abforbed  or  partly  evaporated ;  yet  the  cafe  it  very 

different  in  the  large  operation,  where  the  object  is  to  proceed 

with  celerity,  and  to  obtain  as  much  litharge  as  poflfible. 

Ad4itioo  of  fand     I  hsive  before  dated  that  the  wood  adies  ufed  in  forming 

to  theiNFood        large  cupels  are  expenfive,  and  frequently  not  to  be  procured 

esy     c.         .^  fuflficient  quantity ;  to  which  I  have  added  their  being  fub* 

jedl  to  blow  up  or  rife  entirely,  which  occadons  a  confidei^ 

able  lofs.     It  mud  further  be  mentioned,  that  in  order  to  give 

more  weight  and  conddence  to  (hefe  cupels  it  ispfjten  necedlury 

to  mix  a  confiderable  quaiUity  of  fand  with  them,  particularly 

if  the  lead  diould  contain  foreign  I'ubdances,  fuch  as'  arfeniC) 

cobalt)  antimony,  zinci  tin  and  other  matters.     If  the  lead  be 

-merely  arfcnical,  afler  having  taken  off  the  drd  fcuro,  it  ii 

ufual  to  throw  from  time  to  time,  on  the  whole  fur&ce  of  the 

bath,  about  20lbs,  of  iron  fcaics  or  granulated  crude  iron. 

This  iron  being  lighter  than  the  lead,  doats  on  the  top  and  al^ 

forbs  the  arfenic,  after  which  it  is  cleared  away,  and  then  the 

litharge  is  formed  without  any  obdacle.     This  method  is  uM 

in  Saxony. 

The  necedity  of  adding  fand  to  the  aflies  of  the  cupels  ought 
to  have  led  to  a  difcovery  which  I  propofe :  it  is  as  followt* 

New  Conftruftion  of  the  Cupels  or  Bafms  for  refilling  Leudm  . 

New  conilruc-        Without  making  any  change  in  the  mafonry  of  the  furnaces 
tion  of  i^c  ba-  ^^^  rvfinitiii  by  what  we  call  the  German  method,  it  is  onir 

fons  or  vcHiPls  -.-  ft  i  r  »-   '  .\»  i 

fjr  refining;  lead.  neceUary  tolse  careiui  to  make  a  lumcient  number  of  vents  urn 

thelc 


I  tteif  bafe  fur  ihe  evapnraiinn  of  ihe  moiOure,  and  lo  tJifpofe 
of  ihem  fa  a«  mod  effcaually  lo  anCvrer  Ihis  purpiifc.  Thefe 
ctiannelt  or  vents  ate  in  be  toveted  wiili  a  tjcd  ol'  fcorit,  upon 
whkh  a  pnvrment  it  lo  be  made  of  the  moli  porous  bricks,  and 
ut  U>e  ibicknet^  of  a  fingk  brick. 

Oil  ihis  area  or  pivemenl,  which  ouglil  lo  be  concave  like  The  mpel  It 
the  bsfc  upon   which  ihe  alljes  ert'  the  ordinary  cupeU  "f^wi,),  ."h,,!,  jt,- 
pLtced,  muli  he  laid  a  quatiiily  of  founder's  fnnd,  ■  litlle  moiA-inftttit  of  bone 
eocH.     If  il  lie  mt  adhelive  enough,  a  lillle  claj-  may  be"^*'" 
■Jdcd,  ill  order  to  give  die  requiflttr  folidity,  and  tlie  whole 
CMefally  mixed.     The  fand  mufi  be  rammed  down  in  Ihe  fame 

■nd  *b«fufl  fiir reining  muO  be  formed,  equally  rammed  in  all 
•H  fMm.  Ttie  Ihickiicls  of  thii  cupel  Ihould  he  about  fix 
indiei;  and  il  may  be  made  in  two  layers  as  we  Ihal!  here- 
after obfetire. 

After  Ihe  bafon  has  been  in  all  parts  uniturmly  beaten  or 
nmined  down,  it  will  be  proper  (o  lift  over  the  whole  furface 
tim  or  three  quarli  of  wood  afhes,  which  may  be  made  to 
Adhem  by  ramming. 

,    When  the  cupel  is  ihui  prepared,  the  head  of  the  furnace  It  miy  ta  dried 
IsqA  be  lowered,  and  n  mode/ale  fire  kepi  up  for  fevcral  hours, '"''"'  "^^ ' 
In  order  to  evaporate  pan  of  (he  waiter  from  the  fand.     The 
iHlwill  be  driven  out,   without  inconvenience,  through  Ihe 
toil*  dutrng  Ihe  lelining. 

Aler  a  fufficient  drying,  which  may  even  be  difpenfed — but  tliii  iinot 
•ithj  the  head  In  to  be  raifed,  the  cupel,  fuffcred  to  cool  a'^^^'""''  """ 
litlle,  and  draw  or  hay  then  laid  upon  it,  and  upon  this  the  Meihud  of 
pgi  or  pieces  of  lead,  which  are  lo  be  gently  put  down,  in  f'!'.'*"'^  " 
(wier  ihflt  their  weight  may  not  make  imprcdions  in  Ihe  fand. 
The  Oravris  ufed  for  ibis  purpufe,  in  our  method  as  well  be  the 
CDmuun  method;  and  tl  would  be  convenient  thai  the  lead 
Sioald  be  call  in  iron  liemifplierical  moulds  or  poti  inflead  of 
ibe  prifmalic  form,  as  thefe  pieces  would  be  lefs  fubjeft  to 
4utige  Ihe  cupel. 

When  the  quantity  of  lead  necelTary  lo  lill  the  cupel  is  a^- 
tinged  in  Ihe  funiare,  Ihe  head  is  lo  be  lowered  and  luted  ail 
■Dutid  Willi  clay,  after  which  the  fire  is  to  be  applied  as  in  Ihe 
■riul  proceffes. 

When  (he  lead  is  in  perfefi  fulion, 
with  diofs  and  coally  mailer  from  ihe  Ar. 
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raked  off  through  (he  paflage  left  for  the  Iitharf|[e,  by  means  ciT 
a  wQod^n  rake  about  a  foot  long,  with  an  iron  handle  of  fuf'* 
ficienl  length  to  reach  every  part  of  the  bath. 

When  the  lead  has  been  feveral  limes  (kimroed,  and  begins 
to  become  red,  the  bellows  raufl  be  fet  Into  adion,  gently  at 
dx^,  and  afterwards  more  flrongly.  Their  nozles  muft  be  fo 
difpofed  that  the  blad  may  be  diredled  towards  the  center  of 
the  bath,  and  in  order  that  the  wind  may  be  urged  upon  tb^ 
furface  of  the  metal,  each  nozle  mufl  have  a  fmall  round  plate 
of  iron  adapted  to  it.  Thefe  fmall  flaps  or  vaU'es,  called 
papillons  (flies  or  butterflies)  areufedin  the  German  fineries. 
Tl)ey  have  «n  hinge  at  top,  and  at  every  ftroke  they  rife  about 
half  vva^  from  (heir  perpendicular  poiition  towards  the  level, 
fo  that  by  reflecting  the  air  downwards  upon  the  lead,  they 
haflcn  its  oxidation. 

When  all  the  drofs  has  been  removed,  and  the  lead  is  of  % 
good  red  heat  and  covered  with  litharge,  a  little  gutter  muft 
be  made*  with  an  hook  appropriated  for  this  purpofe,  in  the 
fand  of  the  cupel.  This  mufl  be  carefully  done  until  (he  bot^ 
torn  of  the  gutter  anfwers  to  (he  level  of  the  bath.  The  li- 
tharge driven  by  the  blaft  of  the  bellows  will  flow  out  of  this 
pafl^agei  and  fail  upon  the  hearth  of  the  foundery. 

When  (he  operator  perceives  that  only  a  fmall  quantity  of 
litharge  remains  near  (he  gutter,  he  will  flop  its  efcape  with  a 
fmall  quantity  of  moiflened  aflies ;  but  as  foon  as  the  lead  (hall 
be  again  covered  with  oxide,  the  paflage  mufl  be  opened  and 
ir.ade  deeper  as  (lie  quantity  of  matter  becomes  depreflfed^ 
taking  care  (hat  no  lead  efc  apes,  particularly  (owards  the  end 
o(  the  operation,  as  it  would  carry  along  with  it  a  large  por* 
tion  of  filver  which  would  be  lofl* 

In  (his  manner  (he  procefs  is  to  be  carried  on  until  the  fur- 
face  of  (he  fiiver  exhibits  thote  flaflies  which  are  called  the 
biighlening,  taking  care  to  raife  the  Arc  in  proportion  to  the 
diminution  of  (he  ba(h,  jjarticularly  (owards  the  end,  wheii 
ihcfilver  is  collected;  and  as  (his  metal  is  much  more  difficult 
to  be  kept  in  fufion  (han  its  fmall  alloy  of  lead,  (he  reflnin^^ 
will  be  imperfed,  unlcfs  the  temperature  be  raifed,  and  in-^ 
(lead  of  about  one  twentieth  of  lead,  which  the  fllver  ufually 
retains  in  the   German  method,  it  will  remain  much  mere 
highly  charged.     This  would  render  it  more  difficult  to  be 
treated  in  (he  fecond  operation,  called  the  filver  refining,  or 
by  the  Germansyi/rer  brenen,  by  which  it  is  rendered  pure. 

5  Thofe 
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Thofe  wbo  are  accoftoroed  (o  refine  lead  in  the  GeriMh 
method,  will  find  no  difficulty  in  following  mine.  For  thoogh 
the  copel  \n  mude  of  fand  inftead  of  afhesi  there  is  no  ditfbrence 
in  the  manipulations. 

We  have  feen  that  the  EngliQi  refine  a  great  quantity  of  This  method  ti 
lead  on  a  fmall  cupel.     The  fame  may  be  done  in  the  method  ^p  Uk  ch«fe 
here  dcftribed,  by  adding  in  proportion  as  the  lofs  by  oxida- ^ving  work* 
tion  takes  place.     Suppofing  the  capacity  of  the  cupel  to  be 
fncfa  as  to  contain  about  five  ton  of  lead,  we  might  continue 
eke  operation  to  three  times  that  quantity  in  a  fingle  procefs, 
wbidi   would  not  have  the  inconveniences  of   the  £tiglifti 
method. 

I  flatter  myfelf  that  a  well-made  cupel  of  fand  may  b^  ufed  indthecupd 
for  fevcral  refinings,  without  requiring  to  be  made  u()  kgain  J^^][  ^feS?*^* 
erery  tiitie  like  thoie  of  afhes ;  but  in  thefe  circumftances,  and 
before  the  lead  is  put  in,  il  is  neceffary  to  fill  with  well  bcttt- 
len  &nd  the  gutter  or  opening  which  was  before  made  for 
carrying  off  the  litliarge.  Care  muft  be  taken  in  doing  this  tb 
remove  with  a  chiflel  that  kind  of  glaze  which  the  oxide  of  the 
lead  leaves  behind  it.  With  this  precaution,  after  wetliflg  the 
part  where  the  new  moiflened  fand  is  16  be  applied,  they  will 
firmly  unite  together. 

From  the  long  duration  of  the  earthen  floors  of  thofe  re- 
verberalory  furnaces  in  which  lead  ores  and  even  litharge  are 

Ifofed,  as  was  before  mentioned,  we  have  no  reafon  to  appre^ 
bend  any  bad  conl'equences  from  the  oxide  of  lead,  wiiich  ada 
only  on  the  furl'ace  of  the  cupel,  and  penetrates  to  an  inconii- 
dcrable  depth. 

After  one  or  two  refinings,  this  crufl  of  oxide  may  be  taken  Recovery  of  tha 
off  and  fufed  in  a  blaft  furnacei  in  order  to  rect)ver  the  Jead  ;****"*^  ***^ 
a  procefs  no  lefs  eafy  than  that  of  reducing  the  ihetal  which 
cxifts  in  liiuch  greater  quantity  in  the  ordinary  cupels.    We 
therefore  obtain  a  larger  quantity  of  lithargQf  which  is  one 
advantage,  and  in  addition  to  thisi  tl>e  lofs  in  filver  which  ac- 
Mmpanies  the  abforbed  lead  will  be  lefs.     For  id  the  fmatt 
quantity  of  precious  metal  which  accompanies  (he  cwide,  it 
is  found  by  experiment,  that  the  proportion  is  greater  in  the 
ftbforbed  lead  than  in  that  which  is  driven  over  in  lithiarge. 
Idiiead  oi'  fand  we  might  make  ufe  of  chiy  Vik  C€hiftru£llng  To  make  the 
'^i  wr  cupels,  as  ib  done  in  the  hearths  of  Ifte-revi^rbatofy  <«'*  ?Xi^ o?2^a 
I  mi^  of  9ria^  S-  but  it  Koiild  iliM^be  iWK^flary  ttf  pbdnd  would  be  more 
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the  earth  repemtedly  for  feveral  days,  otherwife  it  would  cracky 
and  tbefe  cracks,  which  would  become  wider  by  the  ihrinkiii|^ 
from  heal,  would  afford  a  lodgment  for  fome  of  the  lead ;  an 
inconvenience  which  fand,  even  if  rather  loamy,  does  not 
prefent.  It  muftalfo  be  remarked,  that  a  cupel  of  clay  would 
become  too  hard  to  admit  of  the  excavation  for  carrying  off  the 
litharge ;  fo  that  this  part  at  lead  would  require  to  be  made  of 
{and  or  aflies. 
Two  kinds  of  It  will  be  advantageous  to  ufe  two  kinds  of  fand  in  forming 
^^*  a  babn  of  the  cupel,  the  one  fine  fuch  as  the  founders'  Gmd^ 

and  the  other  coarfe.  The  latter  may  form  the  lirft  Hratum, 
which,  after  being  well  rammed  with  the  implements  u fed  for 
this  porpofe,  mud  be  left  about  three  inches  in  thicknefs. 
Upon  this  the  fine  and  fomewhat  loamy  (and  is  to  be  fpread 
^  and  rammed  like  the  firft.    A  flight  degree  of  moifture  muft 

be  nfed  with  both  thefe,  in  order  that  they  may  more  folidly 
adhere  together.     The  lower  flratum  being  more  coarfe^  will 
facilitate  the  efcape  of  the  humidity, 
Reptir  or  !«•  It  will  not  be  neceflfary  to  didurb  the  lower  flratum  of  bnd 

newal  of  the  ^'hen  a  new  cupel  is  to  be  made ;  and  even  of  this  bft  that 
portion  which  has  not  imbibed  any  oxide  may  be  ofed  along 
with  the  new  fand  intended  to  be  applied.  The  lower  fhatum 
jnuft  not  be  touched  during  this  renewal,  for  fear  of  mixing 
coarfe  fand  with  the  fine.  This  inconvenience  may  be  guarded 
againft  by  ramming  upon  the  furface  of  the  coarfe  fand  a  bed 
of  a  thin  facing  of  aflies,  at  which  the  operator  muft  Aop  when 
he  takes  away  the  upper  firatum. 

We  have  remarked  that  the  founders'  fand  muft  be  rather 
loamy,  and  that  if  it  be  not  fo,  it  will  be  neceflary  to  add  m 
'    fmall  quantity  of  clay  to  render  it  adhefive ;  but  as  it  is  ne- 
ceflary that  this  clay  fliould  be  equally  diftufed  through  the 
mafs,  it  may  be  diftufed  in  the  water  with  which  the  fand  im 
to  be  fprinkled,  and  the  whole  muft  be  carefully  mixed. 
AKforptioa  ii  of..    It  might  be  obje£led,  that  fince  the  cupels  of  fand  do  noi 
^"tld^^^ir  ^^^^^  '^  '""^^  litharge  as  ihofe  of  aflies,  more  time  will  bfl 
required  to  complete  the  refining,  becaufe  the  oxide  inftead 
of  being  in  part  abforbedi  muft  by  this  new  procefs  be  driven 
out  of  the  furnace.     This  however  is  a  fubje6t  which  oughi 
not  to  be  confidered  as  of  any  importance;  for  the  blaft  of  the 
bellows  well  diredled  will  caufe  the  oxide  of  litharge  to  flow 
out  more  abnndvitly  ihroagh  the  gutter  than  if  the  abforptios 

took  place. 

(  har^ 
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I  have  feen  operators  in  Germany,  who,  when  they  con-  In»p«>»?flxnt.  .^ 
fttaded  their  cupels,  had  the  precaution  to  foro  a  froall  cir-  ihe^£iYer« 
oular  cavity  in  the  middle,  the  depth  of  which  wa«  propor* 
tioned  to  the  quantity  of  filver,  which  from  the  aflay  they 
knew  to  be  contained  in  the  lead  of  one  operation.  By  this 
coQlrivaoce  there  were  no  infulated  grains  of  the  metal  left 
OD  the  furfkce  of  thejr  cupel,  but  the  whole  of  the  filver 
fornied  f  p^rfe^ly  round  cake  in  the  middle  of  the  center  ex- 
cavaticoy  I  would  adyife  the  fame  ingenious  expedient  to  be 
ofed  in  tl^  jCjapei^  of  /and*  i 

I  am  wiell  alTMred  that  the  cupels  I  propofe,  if  made  with  ponclu£oa« 
dreand  attention,  will  fucceed  perfediy,  and  that,  indepen* 
dent  of  their  conveniepce  beyond  the  others,  they  will  be 
ibond  very  economical*  J  am  defirpus  that,  for  the  advantage 
el  metallurgy,  this  method  /bould  be  gcneralijr  ufed,  and  its 
b|nie6tt  will  prove  thai  we  ought  not  always  to  follow  with 
fervility  the  eftabliflied  ufages  nor  the  common  working  prq- 
ceiles. 
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letter  from  Mr,  James  ^toda^lt,  e:^la\ning  the  Method  of 
gilding  upon  Sttel  by  Imnierfion  in  a  Liquid,  which  has  latcljf 
engaged  the  public  AiUntion  in  various  Articles  of  Alanu- 
fa&ure. 

To  Mr.  NICHOLSON. 
Dkajul  Sik, 

i\  Confiderahle  degree  of  public  intereft  and  curiofity  has  fnlhumenci  of 
Ulely  been  excitcxl  by  the  exhibition  of  inftruments  of  fteel  ft«J^>«a«wid» 
coated  or  gilt  with  gold.  The  difcovery^  allhopgh  not  altoj 
gether  new,  does  not  appear  to  be  very  generally  known ; 
and  as  its  application  to  various  manufa^ures  promifes  to  bo 
both  elegant  and  ufeful,  I  have,  with  a  view  of  faving  foroe 
tjroe  and  expence  to  olhers  who  may  be  inclined  to  make 
further  eyperiments,  added  a  fhort  account  of  a  method  which 
with  me  has  fucceeded  perfe^flly  wjell.  I  with  here  in  juHice 
to  obferve,  that  this  difcovery  of  the  method  belongs  more  to 
my  friend  Mr.  Hume,  chemift.  Long- Acre,  than  to  in)  felf. 
With  that  gentleman's  kind  affidance  I  had  but  few  dignities 

to 
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Accbaatofthe  to  bv^rCome;    The  foMowing  is  our  inefhod:  To  a  (aforalod 

'''*^r*%  m.'^j'**  folotion  of  gold  in  nitro^marratic  acid,  add  about  three  tiracf 

parti  fuipnunc  .        r  f  t         - 

ether  are  added   the  quflnlit)^  of  pure  fulphuric  ether:  Agitate  ihetn  together 

foontofi^ii'  for  B  ftjort  time.  The  gold  will  foon  be  taken  up  by  the - 
The  gold  is*  ether  in  the  form  of  a  muriate,  or  nitro-muriate  of  gold,  leaving  • 
taken  up  by  the  (he  remaining  acid  cokuirlefs  at  the  bottom  of  the  veflel,  which 
mud  now  be  drawn  off  by  means  of  a  ftop-cock,  or  other 
The  mftrument  (imilar  Contrivance.  The  acid  being  difchar^ed,  the  inOru« 
Se  ethereal  fa-'**'**"*  to  be  gilt  having  been  previoufly  well  poliQied  and 
lutioa.  wiped  very  clean,  is  to  be  dipped  for  an  inflant  into  (he 

ethereal  folution,  and  on  withdrawing  it,  as  tnftantly  wafhed 
by  agitation  in  clean  water*  This  is  elfentiai  to  get  dear  of  . 
a  fmall  portion  of  acid  neceflarily  taken  up  with  the  meial ;  and 
if  this  be  neatly  done,  the  furface  of  the  fteel  will  be  com<P 
pletely  and  very  beautifully  cot^ered  with  gold.-  Some  little 
degree  of  dexterity  is  required  to  perform  the  whole  operation 
well. 
Zflential  oils  do  1  have  tried  fome  of  the  effential  oils,  knowing  thntthey 
»)tfttcccedweiJ.^j]|  (2i]^^  the  gold  from  nitro-muriatic  acid;  but  as  far  as  I 
vent  they  did  not  apply  for  the  purpofe  of  gilding  :  and  as  I 
had  found  all  I  wanted  in  ether«  I  certainly  did  not  profecute 
the  other  experiments  with  much  induHry. 

I  remain,  with  much  refpefl, 

pear  Sir, 

Your  obliged  fervanf, 

J.  STODART. 
Strand,  June  2'K  1 805. 


XII. 

On  the  peculiar  Koife  eviitttd  hy  Wcttr  hffore  it  ncquins  the 
Teftiptraiurt  of  boiling;  xihicfi  is  commonly  denoted  by  die 
JVord  Sivwiering,     W.N. 

latrodu^tion.  i30ME  time  ago  a  philofophical  friend  who  faroured  me  y^  ith 
a  vifit,  mentioned  in  converfation  that  the  fimmcring  of  water 
before  it  boils  had  formed  the  fubje6t  of  enquiry  bel-wtei>' 
himfelf  and  other  curious  examiners  of  natural'  appejfranco-, 
as  being  a  fa6l  iiot  yet  vrell  explained.  It  ft^emed  to  me 
very  remarkable^  ais  I  dare  fiiy  itvrill  to  my  readera,  that  any 

Pf 


SIlffME&lMG    07   WATKR.  21f 

bf  the  h&i  relating  to  (he  boiling  of  water,  concerning  which 

To  much  has  been  faid  and  written,  (hould  dill  remain  in  ob- 

feoritj.     Having,  m^felF,  been  in  the  habit  of  considering 

it  as  the  confequeoce  of  a  rapid  efcape  of  intcrfperfed  air  from 

the  heated  water»  I  reqaeded  he  would  fay  why  he  thought 

the  phenomenon  repugnant  to  that  fuppofition.    My  friend  Pvticafar  ^  . 

proceeded  in  reply  to  dale,  that  when  water  is  firft  put  on  [a  onBirti£' 

the  Bre,  in  a  metaMic  veiTel,  the  veflfel  itfelf  gradually  becomes  aog. 

fined  with  bubbles ;  that  thefe  bubbles  become  detached  and 

rife,  fb  that  the  whole  (urface,  or  at  leaf!  the  bolfom,  becomel 

clear  again;  that,  foon  afterwards  a  rattling  norfe  is  heard, 

fliarp  and  roetallici  which  encreafes  in  loudnefs  until  it  almoft 

perfeclty  refembles  the  pouring  of  fmall  (hot  into  the  velTel ; 

that  the  fluid  continues  in  a  date  of  tranquillity  and  tranf- 

parency  during  this  date;  and  ladlyi  that  when  the  noife 

is  loaded  the  date  of  ebullition  fuddenly  comes  on,  the  pecu« 

liar  noife  of  fimmering  ceafcs  all  at  once,  and  nothing  is  heard 

but  the  foft  and  moderate  noife  of  aquatic  agitation  as  long  as 

the  boilin;;  lads. 

This  account,  fo  remsrkable  for  its  precifion  and  accuracy.  It  feemi  to  arife 
(hewed  clearly  that  my  notion,  which  I  believe  is  the  common  "°"?  JJ*  '"'^*J* 
opinion,    wa<^  ill  founded.     After  a  little  meditation,  it  ap- condenlitioii of 
peared  evident  to  me  that  the  noife  of  fimmering  mud  arife  *«™« 
from  the  collapfion  of  deam  bubbles,  formed  at  the  bottom 
of  the   vclTel,    and    condenfed   almod   indantly    upon    their 
afcent  in  the  fluid  not  yet  heated  to  the  boiling  point*     In 
fupport  of  this  opinion  I  fliewed  him  a  common  experiment 
with  the  waler-hammer*     This  indrument,   which  is  made  Defcription  of 
and  fold  by  the  glals-blowers  and  barometer-makers,  confids  ^^  watcr-ham- 
of  a  tube,  nearly  a  foot  in  length  and  about  three  quarters 
of  an  inch  in  diameter,  terminating  in  a  globe  of  about  two 
indie>  h\  diameter ;  the  other  end  of  the  tube  being  clofed. 
The  outer  extremity  of  the  globe  ends  in  a  capillary  lube, 
fhroiigii  which  as  much  water  has  been  introduced  as  rather 
more  ilran  fills  the  globe  itfelf.     This  water  has  been  boiled 
in  the  veifel  or  indrument,  and  at  the  time  of  boiling,  when 
a!t  the  internal  cavity  not  containing  water  was  tilled  with 
fteam  to  the  almod  total  exclufion  of  air,  the  capillary  aper- 
ture  was   hermetically   doled.     The   indrument   thus  com- 
pl^'ied  is  found  when  cold  to  contain  water  and  a  fpace  nearly 
vacuous  and  the  experiment  from  which  it  derives  its  name 

of 
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Singular  noifc  of  of  the  waler-bammer,  is  that  of  agitating  its  conlenti.    Tl^? 
;;'^^'*'**^  *^  remarkable  cffba  it  exhibits  is,  that  the  parts  of  the  water 
Hril^e  againfl  the  glaf;  ^nd  agaii4i  each  Qlher^  with  the  (harp 
Another  experi-  noife  ufually  produced  by  the  collifion  of  hard  bodies.    Another 
mdumi  ^     experiment,  which  I  alluded  to,  is  that,  if  the  ball  be  heI4 
coadeofea    ^      downwards  fo  as  to  become  filled  with  the  water,  and  it  be 
gfeft times 4ns^^^P  flowly  railed  i|p,  fo  as  to  bring  the  tube  nearer  to  the 
horiasontal  poiition,  the  heat  of  the  hand  which  holds  the 
tube  will  produce  vapour  or  fleam  flrong  enough  to  prevent 
{he  fluid  froqfi  running  down  to  its  level  from  the  upper  fur- 
face  of  the  globe ;  but  a  little  farther  inclination  caufes  it  to 
defcend,  and  a  bubble  of  the  fream  enters  the  globe  itfelf 
and  afcends  throu;>h  the  tluid.     Hiil  it  fcarcely  arrives  at  the 
top  before  it  is  condenfed,  anc}  the  water  collapfes  with  ^ 
(mart  flroke  or  noifc,  fo  as  to  lill  the  globe  again.     The  fuc- 
ccdion  of  thefe  bubbles  and  their  condenfaliun  take  place 
fo  rapidly,  in  a  well  made  iDflrumept,  that  ten  or  twelve 
lopUeil  toexolain  collapflons  occur  In  every  fccond  of  time.     7'he  (a£k,  and  thQ 
nie  eftect  of       obvious  remarks  I  made  upon  it,  convinced  my  friend  that  I 

had  fuggeflcd  the  proper  explanation. 
ObieAioni*  It  was  my  inlcnlion  however  lo  have  heated  foroe  water 

in  a  veiTel  in  order  to  oblerve  and  aicertain  the  progretlive 
appearances,  but  I  had  not  doiic  it  when  I  again  hs^d  the 
pleafure  to  meet  this  intelligent  obferver.  He  complimentec) 
me  upon  the  ingenuity  of  my  folution,  but  having  hiipfclf 
(ince  repeated  the  experiment  of  boiling  water,  it  feemed 
from  his  report  that  ingenuity  was  all  the  value  it  could  claim, 
'•  Take  a  bright  tin  vcffer'  faid  he  "  and  heat  water  in  it; 
you  will  hear  the  noife,  but  no  bubbles  are  to  be  feeii." 

I  took  the  earliefl  opportunity  of  making  fome  experinirnls, 
the  particulars  and  refults  of  which  are  as  follow  : 
Sxp*  I.  Water       £xp.  !•  A  fmall  glafs  retort,  the  body  of  which  is  about 

WIS  heated  in  t   ^^^  inches  in  its  fl)ortefl  or  horizontal  diameter,  was  fufpended 
gUftretort.  The  .  •  '  • 

fimroering  wai    fo  that  its  neck  was  elevated  about  twenty  degrees;  above  the 

attended  with      level.     Water  was  then  poured   in  to  fill  the  body  and*  the 
fteun  bubbki.  ^         .ri  i»*-  •      .-n-         ■  i 

greateft  part  ot  the  neck.     My  mtention  m  nliing  the  neck 

was,  that  I  might  be  able  to  <  bferve  whether  any  greater  or 

more  fudden  rife  took  place  before  the  period  of  boiling  than 

the  well  known  expanfion  of  the  fluid.     A  fmall  fpirit-lamp 

was  placed  beneath  the  bulb.     The  coldnefs  of  the  water  in 

the  veflel  immediately  condenfed  a  portion  of  the  water  whic(i 

iiTucd 
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iflfied  from  the  flame  ilfelf,  and  formed  drops  on  Ibe  ootfide. 
At  the  included  water  became  heated  this  condenfed  water 
evaporated,  and  left  the  furface  again  clear ;  and  at  thix  pe- 
riod tlie  difleminated  air  began  to  feparate  and  gave  a  doily 
mppearance  to  the  inner  furface,  which  laded  about  three  mi- 
notes.  At  the  end  of  this  time  the  inner  furfiEice  began  to 
dear;  the  peculiar  noife  of  (immering  was  heard;  and  bobbles 
avere  feen  fuddenly  appearing  and  collapfing ;  the  retort  il(elf 
Iwinii^  agitated  and  the  furface  of  the  water  rifing  and  falling 
bj  fiarts.  The  bubbles  were  pointed  at  top,  foroewhat  re- 
fensbliiig  fmall  flames  fuddenly  appearing  and  vanifbing  at 
different  parts  of  the  furface.  In  the  courfe  of  one  minute 
they  grew  larger  and  larger  and  collapfed  at  greater  heights, 
until  at  length  they  efcapcd  througii  the  fluid  without  being 
condenfed.  This  was  the  inftant  of  ebullition  or  boiling  and 
at  this  period  the  noife  of  iimmering  ceafed  and  that  of  t)oiIing 
w«s  heard. 

£jcp.  2.  As  this  effv6i  appears  to  arife  decidedly  from  the  Exp.  s.  Wao^ 
upper  water  being  colder  than  that  near  the  bottom  of  the^"^"j^^* 
veflel,  it  was  natural  to  infer  that  tlie  appearances  would  befel.  ThtdBMti 
different  according  to  its  figure  and  magnitude.     I  therefore  ^JJ^**"*^ 
took  a  bolt-head,  or  fpherical  glafs  body,  with  a  (Iraight  neck  : 
Its  diameter  was  four  inches ;  and  when  it  was  filled,  a  co- 
lumn of  water  eight  inches  long  flood  in  its  upright  neck. 
The  thicknefs  of  the  glafs  at  its  bottom  was  confidcrnble.     At 
35  minutes  after  three  the  lamp  was  lighted.     At  40  minutes 
bubbles  of  gas  rofe  fingly,  and  very  little  of  the  dufiy  appear- 
ance  was  feen.     At  58  minutes  the  noife  of  fimmering  began, 
and  the  collapfing  bubbles  were  plentiful  and  diflindl.     Little 
flreams  or  fountains  of  fleam  rofe  from  particular  points  and 
were  condenfed  ;  and  fome  globes  of  half  an  inch  diameter 
afcended  clear  of  (he  bottom  and  collapfed  in  the  fluid  above. 
At  one  minute  after  four  the  bubbles  reached  the  top  of  the  ' 
fittidiivilhout  collapfing,  and  at  this  time  the  noife  of  fimmer- 
ing ceafed.     The  lamp  was  then  blown  out. 

£xp,  4.  A  bright  copper  hemifphere,  f(;ur  inches  in  diame-Exp.  4.  The 
ter,  was  filled  with  water  at  the  temperature  of  60  degrees.  "P*"°*?^  ^"^ 
At  four  hours  three  minutes  the  lamp  was  lighted  and  water  copucr  vefibl. 
became  condenfed  on  the  outfide.     At  five  minutes  the  infide 
(iirface  had  a  dufly  appearance,  from  bubbles  of  air  immedi- 
ately over  the  flame.    The  temperature  was  then  1 10^^  and 

the 
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the  outGde  dry.  At  fuc  minotes  bubbles  of  gas  or  air  wer^ 
detached  and  rofe,  the  temperature  being  120^,  and  the  va» 
peer  of  (ieam  being  viable  from  the  furface  of  (he  water.  At 
eight  loinutes  the  rnfide  fur£ice  was  coated  with  large  babbles 
or  bead«  of  air;  temperature  130^.  At  nine  minutes,  temp. 
165^,  much  vapour.  At  9|  min.  temp.  173^,  the  bottom  was 
clear  of  bubbles^  and  the  noife  of  tiramering  began.  At  10 
min.  temp.  184®,  the  (learn  collapfing  bubbles  were  very  evU 
denf,  (hough,  from  their  pointful  (hape,  they  were  not  imroel 
dtately  obvious  (o  an  obfervcr  looking  (Iraight  down  inta  thd 
ibining  veiTel.  At  11  min.  temp.  180®,  noife  very  load  and 
bubbles  more  and  larger.  At  12  min.  temp.  183^,  fome  of 
the  bubbles  broke  at  the  furface,  and  the  noife  was  lefs.  At 
12}  min.  terop^  20i^9  the  water  boiled,  and  the  iimmering 
noife  was  fucceeded  by  that  of  boiling.  At  14  min.  the  lamp 
was  extinguifhed. 
Exp.  5.  Wattr  Eip,  5.  The  water  was  fufTered  to  cool  to  170®,  and  th« 
ilready  beated      ]Q^p  ^^  j^^j^  lighted  again,  namely,  at  four  hours  18  mi- 

romBchorlb     nutes.     At  20  min.  temperature  180^,  the  fimmering  began  | 

^*i^\^  't^    ^^^  °^*  ''^*  ^^^^^  ''*®  fteam  bubbles  were  feei>  very  large:  and 

^om'atew  ton-  foon  afterwards,  at  204^,  they  rofe  through  the  fluid,  and 

peracute.  i\^  boiling  took  place  by  fountains  or  dreams  of  bubbles  rifing 

from  particular  points.    The  fimmering  noife  in  this  experU 

ment  was  much  lefs  than  before. 

The  thermometer  was  placed  horizon(ally,  M^ilh  the  greateft 
part  of  its  tube,  and  part  of  its  bulb,  out  of  the  water.     Wheii 
the  bulb  was  plunged  in  the  water,  it  (hewed  208^. 
Condniion.  From  (hefe  h6ts  it  appears  to  be  clearly  eflablinied,  that  th«i 

caufe  firfi  mentioned,  namely,  (he  condenfation  of  fteaoft 
bubbles  in  their  afcent  through  the  cold  fluid  above,  is  the  oc^ 
cafion  of  the  noife  of  fimmering.  In  the  fifth  experiment  th€ 
fuperincumbent  water  was  hotter  than  that  beneath,  and  con« 
fequenlly  the  fimmering  could  not  be  produced  but  by  fteam 
at  a  higher  temperature,  and  even  then  (he  collapiion  of.  thli 
water  was  lefs  fudden  and  the  noife  lefs  loud, 
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JEKpcrimaUs  or  Wcoiz.     By  Mr,  David  Mmsaet*    Frofn  th$ 

i'hUn/pphicai  TranJkaiafU,  1$03. 

X  HE  following  experiments  were  made  at  the  reqaeft  of  Sir  EtperiawrtfoB 
Jofeph  Banks,  on  five  cakes  of  wootz,  wjlh  which  he  fupplied  J^^ 
toe  for  that  purpofe.    A%  (he  cakes^  which  were  numbered 
1,  2^3,^,5,  were  not  all  of  the  fame  quality,  it  will  he  proper 
firii  to  delcribe  the  differences  obfervable  in  their  external 
form  and  appearance. 

No.  1  was  a  denfe  folid  cake^  without  any  flaw  or  fungous  Defenptioii  of 
appearance  upon  (he  flat,  or,  what  I  fuppofc  to  be,  the  upper  ^^^^^9  No.fk 
fide.  The  round  or  under  furface  was  covered  with  fmall  pits 
or  hollows,  two  of  which  were  of  condderable  depth ;  one 
through  which  the  fli(  or  cut  had  run,  and  another  nearly  as 
large  towards  the  edge  of  the  cake.  Thefe  depreflSons,  the 
effeds,  as  I  fuppofe,  of  a  fpecies  of  cryfiallization  in  cooling, 
were  continued  round  the  edges,  and  even  approached  a  Ijttle 
way  upon  the  upper  furface  oF  the  woo(z. 

The  cake  was  a  quarter  of  an  inch  thicker  at  one  ex(reroit  j 
of  the  diameter  than  at  (he  other,  from  which  I  infer,  that  the 
pot  or  crucible,  in  which  this  cake  had  been  made,  had  not  oc- 
cupied the  furnace  in  a  ver(ical  pofi(ion.  Its  convexity,  com- 
pared to  that  of  the  other  five,  was  fecond.  Upon  breaking  FraAuied  very 
the  thin  fin  of  fteel,  which  connects  the  half  cakes  toge(her^  fteely. 
I  found  it  to  poflefs  a  very  fmall  denfe  whi(e  grain.  This 
appearance  never  takes  place  but  wi(h  (leel  of  the  beft  quality, 
and  is  lefs  frequent  in  very  high  fleet,  though  the  quality  be 
otherwife  good. 

Upon  examining  (he  break  with  attention,  I  perceived  feveraf 
laminae  and  minute  cells  filled  with  rud,  which  in  working  are 
never  expe6led  to  unite  or  fhut  together.  The  grain  other* 
wife  was  uniformly  regular  in  point  of  colour  and  fize,  and 
poflelfed  a  favourable  appearance  of  fteel. 

No.  2.  This  cake  had  two  very  different  afpe6ls;  one  CdeDcfcnptk»ii«f 
was  denfe  and  regular,  the  other  hollow,  fpongy,  and  protube-  ^"^  "*^** 
rant.     Tlie  under  furface  was  more  uniformly  honey-combed 
than  No.  1  ;  the  convexity  in  the  middle  was  greater,  but  to- 
wards the  edges,  particularly  on  one  fide,  it  became  flatter. 
The  grain  expofcd  by  breaking  was  larger^  bluer  in  colour* 

and 
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and  more  fparkling  than  No.  1.  In  breaking,  (he  fra^ure  tori 
but  (lightly  out,  and  difplayed  the  fame  unconnedted  laminae 
with  rufly  furfaces,  as  was  obferved  in  No.  1.  Befide  thefe, 
two  thin  fins  of  malleable  iron  projed^  from  the  unfoniKi 
fide,  and  Teemed  incorporated  with  the  mafs  of  fteel  through* 
out.  Towards  the  centre  of  the  break,  and  near  to  the  excrel^ 
cence  common  to  all  the  cakes,  groups  of  malleable  grains 
were  diHinfUy  vifible.  The  fame  appearance,  though  in  m 
(lighter  degree,  manifefted  itfelf  in  various  places  throughout 
the  break. 
Cake  of  nootsy  ^<>*  3*  T^^  upper  furface  of  this  cake  contained  feveral  deep 
No.  %•  pits,  which  feemed  to  refult  from  the  want  of  proper  (luidHy 

in  fufion.  They  differed  materially  from  thofe  defcribed  upon 
the  convex  (ides  of  No.  I  and  2,  and  were  of  that  kind  that 
would  materially  effed  the  Heel  in  forging. 

The  under  or  convex  fide  of  this  cake  prefented  a  few 
cryfialline  depre(fioas,  and  thofe  very  fmall ;  the  convexity 
was  greater  than  that  of  No.  1  and  2,  (he  fra6lure  of  the  fin 
almoft  fmoolh,  and  only  in  one  place  exliibited  a  fmall  4cgree 
of  tenacity  in  the  ad  of  parting.  In  the  middle  of  the  break, 
about  half  an  inch  of  foft  fleel  was  evident ;  and  in  difierent 
fpots  throughout  numerous  groups  of  malleable  grains,  and 
thin  laminae  of  foft  blue  tough  iron  made  their  appearance. 

Cakeof  woots,        ^^»  *•  ^^^'^  *  ^^'^*^  denie  cake  polfefTcd  of  the  greateit 
^'  4«  convexity  ;  the  depreffions  upon  the  under  fide  were  neither 

fo  large,  nor  fo  numerous  as  thofe  in  No.  1  and  2,  nor  did  they 
approach  the  upper  furface  of  the  cake  further  than  the  acute 
edge.  This  furface  had  the  mofl  evident  marks  of  hammering 
to  dcprefs  the  feeder,  or  funj^ous  part  of  the  metal,  which  in 
the  manufadurin^  fecms  the  gate  or  orifice  by  which  the  metal 
.defcends  in  the  ad  of  gravitation. 

The  break  of  U\U  cake,  however  favourable  as  to  external 
appearance,  wait  far  trom  being  folid.  Towards  the  feeder  it 
Teamed  loofe  and  crumbly,  and  much  oxidated.  The  grain 
divided  itfelf  into  two  diftin^  firala,  one  of  a  der.fe  whitilh 
colour,  the  other  large  and  blulfli,  containing  a  number  of  fmall 
fpecks  of  great  brilliancy.  Several  irregular  lines  of  malleable 
iron  pervaded  the  mafs  in  various  places,  which  indicated  a 
compound  loo  heterogeneous  for  g(iod  fteel. 
Caktif  wootf  5th  cake.  This  was  materially  different  in  appearance  from 
Ma.  5.  any  of  the  former.     It  Inid  received  but  lUllc  hammering,  yet 

was 
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"Wat  fllMMMh  Bhd  free  from  depreflionK,  or  honey«comb  on 
both  fuffaces.  The  feeder^  indead  of  being  an  excrefcence, 
prefented  a  deep  concave  beaatifuHy  cryftallized. 

In  breakings  cbe  fra^re  tore  out  coniiderably,  but  pre* 
fented-a  very  irregular  quality  of  grain.  Tiiat  towards  the 
under  forface  was  fipall  and  uniform,  but  towards  the  flat  or 
upper  furface  it  increafed  in  fize»  and  in  the  bluenefs  of  its 
coloor,  till  it  paffed  into  the  (late  of  malleable  iron. 
•  The  break  of  this  fteel,  though  apparently  foft,  was  the 
leaft  lioroogeneous  of  the  whoie»  and  throughout  it  prefcnted 
«  very  brilliant  arrangement  of  cry  Hal,  which  in  other  (leel  is 
always  viewed  with  fufpicion, 

•  I  ■  ■  ' 

General  Remark, 

Uniformly  the  grain  and  denfity  of  the  wootz  are  homage. 
neoosa  and  free  from  malleable  iron  towards  the  under  ok' 
round  furface;  but  always  the  reverfe  towards  the  feeder  or 
tipper  fide. 

Remark t  in  Forging, 

No«  I.  One-half  of  the  cake  was  heated  flowly  by  an  anneal-  The  appear- 
ing heat  to  a  deep  red,  and  put  under  a  fliarp  broad-mouthed  JJJf^V"  ^p^ 
chiflel  with  a  fmall  degree  of  taper.  It  cut  with  difficulty,  was  woots,  No.  i. 
reheated,  and  cracked  a  little  towards  one  end  of  the  (lit  or 
cnt  originally  in  the  cake. 

The  heat  in  this  trial  was  fo  moderate,  that  I  was  afraid  that 
the  crack  had  arifen  from  a  want  of  tenacity,  occafioned  by 
the  heat  being  too  low. 

The  other  iialf  was  heated  a  few  (hades  higher,  and  fub- 
jcded  to  the  lame  mode  of  cutting;  before  the  chifTel  had 
half  way  reached  the  bottom,  the  piece  parted  in  two  in  the 
dire^ion  of  the  Jeprctiion  made  by  the  cutting  inflrument. 
The  additional  heat  in  this  inflance  proved  an  injury,  while 
the  cracking  of  the  fteel  in  both  cafes,  particularly  the  former. 
Was  a  certain  proof  of  the  abundance,  or  rather  of  the  excels 
^f  the  Heely  principle. 

The  fradurcs  of  both  half  cakes,  now  obtained  for  a  fecond 
time,  were  materially  different  from  that  obtained  by  the  limple 
xiivifion  of  the  cake.  The  grain  was  nearly  uniform,  diftindlly 
aoarkcdy  but  of  too  gray  a  colour  for  fcrviceable  ilanU  Two 
of  the  quarters  being  drawn  inio  ceat  bars  under  hand  ham- 
mers 
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Hie  appear-  >D^>  A^  ^  low  heat»  one  of  them  contained  a  iiucnber  of  cradbtf 
anceson  forging  ^^i  M\iTe$.  The  ir«£iure  was  grayi  tore  out  a  little  in  break- 
vooc»»  No.  !•  '"f)'  ^"^  ^^'^'  oilierwife  yolky  and  exoiflively  denfe,  A  fmall 
bar  of  pCDknife  fixe  was  ini|H'oved  greaUjr  in  drawing  down^ 
and  had  only  one  crack  in  thirteen  inches  of  length.  The 
grain  and  fra£lure  were  both  highly  improved  by  this  addi- 
tional labour ;  the  tenacity  of  the  fteel  was  greater,  and  it 
flood  firmly  under  the  hammer  at  a  bright  red  heat. 

The  other  two  quarters  of  this  cake  were  fquared  a  liltley 
and  fuccclGvely  put  under  a  tilt  hammer^  of  two  hundred 
weight,  going  at  the  rate  of  three  hundred  blows  per  minutCt 
and  drawn  into  fmall  penknife  fize.  One  of  the  bars  fromao 
outfide  piece,  always  the  mofl  I'olid,  was  entirely  free  from 
cracks,  and  had  only  one  fmall  fcale  running  upon  one  (ide. 
•  Thefe  bars  exhibited  a- tougher  break,  than  thofe  drawn  by 
hand ;  the  colour  was  whiter,  And  the  grain  poflclied  a  more 
regular  and  (ilky  appearance. 

(To  be  continued,) 


•»*  I  have  received  a  letter  frotn  Afr.  Bos wkll,  in  which 
he  esprejpn  an  opinion,  that  it  is  utifair  in  the  Old  Correjpandemt 
whnjb  letter  appeared  in  our  lafi  Number  to  luive  applied  Mr,  B's 
upologjf  to  one  particular  part  of  his  paper;  at  lie  conceives,  tluU 
it  ouglu  to  luiie  been  confidcred  as  indicating  the  Jpirit  in  which 
his  xiihole  communication  was  written,  J  have  inferted  thisjhort 
notice  out  of  refpcSt  to  the  writer ;  but  hare  declined  infcrting  thf 
letter  itfelff  becaufe  the  conti^acerfy  can  have  no  farther  importance 
to  the  readers  of  thin  Journal,  trficr  thefuhjeft  itfelf  has  been 
exhauflcd. 


< ..    .    .    .  . . 
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OF  ' 

NATURAL  PHILOSOPHY,  CHEMISTRY, 

THE     ARTS. 


AUGUST,     1805. 


ARttCLE    I. 

An  Account  \>ffoaie  new  Experiments  which  prove  that  the  TeM* 
perature  at  which  the  Denfiy  of  Water  is  a  Maximum,  is 
ftveral  Degrees  of  the  Thermometer  above  the  freezing  Point. 
i(^BiNjA>tiN  Count  op  Rumford,  F.P.  R,  S,  Foreign 
Ajfbciate  qf  the  National  Inftitute  qf  F^wice,  ifc.  4*c.  Be^ 
ceivedJufy  I6»  1805>  from  tite  Author;  trith  a  Letter  dated 
Miadclf^  25th  June,  1805. 

In  my  feventh  e(ray>  in  which  I  have  treated  of  the  propaga*  PHenomeiui 
tioo  of  beat  in  fluids,  and  airo  in  a  paper  publiihed  in  the  ^^^  ^^^ 
PhilofophicalTranfa^tions  for  the  Year  1804|  Part  I. ;  in  which  from  the  maxi- 
I  have  given  an  account  of  a  curious  phenomenon  frequently  ^^^  denfity  of 
obferved  on  the  Glaciers  of  Chamouny^  I  have  afcribed  tlie  higher  than** 
melting  of  ice  which  is  placed  (by  de6gn«  or  by  accident)  f^eesiog  tem* 
below  the  furfacc  of  ice-cold  water,  to  currents  of  warmer  ^™^"*** 
vraler,  which,  in  certain  cafesi  are  fuppofed  to  defcend  in 
tliat  ice-cold  liquid  :  but  as  this  fuppofed  fad  bas  lately  been  the  faA  quef- 
called  in  queftion  by  feveral  perfons,  and  as  the  explanations  ^^^* 
I  have  founded  on  it  mud  fall  to  the  ground,  unlefs  it  can  be 
fupported,  I  have  been  induced  to  re»confider  the  matter, 
and  to  give  it  a  careful  and  thorough  invefligation. 
Vol.  XT.— August,  18Q5,        Q  The 
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It  was  firft  aa«       The  fundamental  fadl  on  wbiclflhe  fuppofilioa  it  grounded^ 
BMncedbyDe   ^i^j^^  was  announced  many  years  ago  by  Mr.  De  Luc; 
namely,  thai  the  temperature  at  which  the  denfity  of  water  is 
a  roaximumy  is  confiderably  higher  than  that  at  which  that  fluid 
freezes,  is  indeed  fo  very  extraordinary!  and  appears  to  be  the 
caufe  of  fo  many  intereiling  phenomena,  that  too  much  pains 
cannot  be  taken  to  put  it  beyond  doubt. 
New  method  of      As  flie  methods  hitherto  ul'ed  for  determining  tliat  important 
proving  It.         point  have,  by  fome  at  leallt  been  conildered  as  infafficient» 
I  ^  (hail  take  the  h'berty  to  propofe  another,  by  which  the  fiiS 
in  queflion  may,  I  think,  be  demonflrated  diredly ;  and  with* 
out  any  nice  calculations,  or  any  very  difficult  or  delicate  ex- 
periments. 

Let  the  following  experiments^  (which  it  will  be  eafy  lo 
repeal)  fpeak  for  therofelves. 
Af^aratus.    In      Having  provided  a  cylindrical  veflel,  (A  Fig.  ).  Plate  XII*} 

Sin^'lhSdrka*  °P^"  *^^^®'  "™*^®  ^^  ^^^'^  ^^^  ^^^»  ^^'^^  **  ^^  inches. in 
bnfs  veflel,  a     diameter,  and  four  inches  deep,  fupported  on  three  firong  legs. 

u !?  ^'*''  5"'  ^  ^  inches  high ;  I  placed  in  it  a  thin  brafs  cup,  (B)  two  inches 
^^  *  in  diameter  at  its  bottom,  (which  is  a  little  convex  down* 
wards)  2 1%  inches  wide  at  its  brim ;  and  1 1%  inches  deep ; 
which  cup  (lands  on  three  fpreading  legs  made  of  Hrong  brafs 
wire,  and  of  fuch  form  and  length,  that  when  the  cup  is  in* 
troduced  into  the  cylindrical  veffel,  it  remains  firmly  fixed  in 
the  axi^  of  it,  and  in  fuch  a  fi(uation>  that  the  bottom  of  the 
cop  is  elevated  jufi  1 J  incites  above  the  bottom  of  the  cylhi- 
drical  veHTel. 

Id  the  middle  of     In  the  middle  of  this  cup  there  Hands  a  vertical  tube  of 

luppwtwl*^"^  **  *^*"  ^^^  ^^^^^»  I  •"  '"c**  *"  diameter,  and  -^^  of  an  inch  in 
length,  open  above,  which  ferves  as  a  fupport  for  another 
fmaller  cup  (C)  which  is  made  of  cork;  the  brim  of  which  is 
t>T\  the  fame  horizontal  level  with  the  brim  of  the  larger  bra& 
cupi  in  which  it  is  placed, 
an  hemifpherical  This  cork  cup,  which  is  fpherical,  (being  fomething  left 
cup  of  cork,  ihjiii  half  of  an  hollow  fphere)  is  one  inch  in  diameter  at  its 
brim,  meafured  within  i^  of  an  inch  deep,  and  i  of  an  inch 
in  thicknefit.  It  is  firmly  attached  to  the  vertical  tube  on 
tvhich  it  flands,  by  means  of  a  cylindrical  foot,  |  an  inch  in 
diameter,  and  (  of  an  inch  high  ;  which,  when  fome  force  it 
employed,  enters  into  the  opening  of  the  vertical  tube. 


r%^ 
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'  Oo  one  fide  of  (his  cork  cup  there  is  a  fmal!  opening,  which  having  injfg 
feoeives,  and  in  whrch  is  confined  the  lower  extremitj  of  the 
f«b6  of  •  fmall  aiercorial  thermometer,  (D).  The  bulb  of 
this  diermometer,  which  is  fpherical,  h  juH  y%  of  an  inch  in 
diMMeter,  and  it  rs  fo  fited  in  the  middle  of  the  cup,  that  its 
cttitre  it  jafl  |  of  an  inch  above  the  bottom  of  the  cup ;  con<- 
leqttentlj  it  does  not  touch  the  cup  any  where,  nor  does  any 
|mrC  of  it  projed  above  the  level  of  its  brim. 

The  tube  of  this  thermometer,  which  is  fix  inches  in  length,  a  thonnometer* 
hks  m  elbow  near  its  lower  end,  at  the  diftance  of  one  inch 
fffmn  its  bulb,  which  elbow  forms  an  angle  of  about  1 10 
degrees,  and  the  thermometer  is  fo  fixed  in  the  cup,  that  the 
fhort  branch  of  its  tube,  namely,  that  to  the  end  of  which 
the  balb  is  attached,  lies  in  an  horizontal  pofition,  while  the 
longer  branch  (to  which  a  fcale,made  of  ivory^  and  graduated 
according  to  Fahrenheit  is  affixed,]  projedts  obliquely  upwards 
and  outwards,  in  fuch  a  manner  that  the  freezing  point  of  the 
fcale  lies  juft  above  the  level  of  the  top  of  tlie  cylindrical 
veflfel  in  which  the  cops  are  placed. 

The  cork  cup,  which  was  turned  m  (he  lathe,  is  neatly  Oditr  ptrtica- 
formed,  and  in  order  to  clofe  the  pores  of  the  cork,  it  was  ^*'^ 
Covered,  within  and  without,  with  a  thin  coating  of  melted 
wax  ;  which  was  poliflied  after  the  wax  was  cold* 

The  thermometer  was  fixed  to  the  cork  cup  by  means  of 
Wax,  and  in  doing  this,  care  was  taken  to  preferve  the  regular 
form  of  the  cop,  both  within  and  without. 

The  vertical  brafs  tube  which  fupports  this  cup  in  the  axia 
of  the  brafs  cup,  is  pierced  with  many  holes,  in  order  to 
allow  a  free  paffage  into  it,  and  through  its  fides^^  to  the 
water  employed  in  (he  experiments. 

Havinir  attached  about  fix  ounces  of  lead  to  oach  of  the  '^^  tppantot 

WIS  sliced  in  a 

legs  of  the  brafs  cup,  in  order  to  render  it  the  more  fleady  in  pan,  md  fur- 
its  place,  it  was  now  introduced  with  its  contents,  into  the  rounded  widi 
cylindrical  veflfel,  and  the  veflel  was  placed  in  an  earthen  ^^^ 
bifin  (£)  feven  inches  in  diameter  below,  1 1  inches  in  dia- 
meter at  its  brim,  and  five  inches  deep,  and  was  furrounded 
on  all  fides  with  pounded  ice. 

Several  flat  cakes  of  folid  ice  were  now  put  into  the  cy-  Ice  wit  placed 
Kndrical  veflfel,  and  faflened  down  upon  its  bottom,  and  under  ^^  J^SUdf-d 
the  bottom  of  the  brafs  cup,  and  a  circular  row  of  other  long  veiTeii  ba:  not 
pieces  of  ice  were  placed^  in  a  vertical  poGtion,  round  the  ""5*!*  **PJ 

Q  2  outfide  water  wis  poaraA 
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into  aD  the  re«   oottide  of  Ibe  brim  of  the  brafs  cup.  betweeb.ii  and  the 

wommng  ipMi»  ,  verlical  fide  of  the  cylindrical  vefTel,  which  vertical  pieces 

of  ice  reached  upwards  to  within  about  i^  of  an  inch  of  the 

top  or  brim  of  the  cylindrical  veffet ;   and  when  thift  was 

done,  ice-cold  water  was  poured  into  this  veflfel  till  the  furface 

of  that  cold  fluid  fiood  juft  one  inch  above  the  level  of  the 

brim  of  the  cork  cup. — Both  cups  were  of  courfe  fubmerged 

and  filled  with  ice-cold  water,  and  furrounded  on  all  fides  by 

folid  cakes  of  ice. 

'The  cups  le-  After  things  had  remained  in  this  fituation  more  than  an 

rae^ for  one  * '^^*^'''  during  which 'time  the  cold  water  in  the  cylindrical 

hour.  vefiel,  and  that  in  the  cups,   was  frequently  agitated  witb 

the  fofi  end  of  a  Hrong  feather,  and  the  cupt  and  the  water 

in  every  part  of  the  vefTel  appearing  to  be  exadly  at  the 

temperature  of  freezing  :  I  proceeded  to  make  the  following 

dccifive  experiment. 

Experiment,    No.  1 . 

Experiment  I.  A  folid  ball  (F)  of  tin  having  been  provided,  two  inches 
A  cone  of  meul  j^  diameter,  wilh  a  cylindrical  projedtion  on  the  lower  fide  of 
plunged  in  the  ^^9  ^^^  ^^^^^  '"  diameter,  and  half  an  inch  long,  ending  in  a 
ice-cold  water,  conical  point>  which  projected  (downwards)  half  an  inch 
cork*cop^;  farther;  this  ball  (to  which  was  fixed  a  fi rong  iron  wire  fix 

inches  in  length,  which  ferved  as  a  handle  to  it,)  having  been 
made  to  acquire  the  temperature  of  42^  F.  by  keeping  it 
immerfed  near  half  an  hour  in  a  large  quantity  of  water  at 
that  temperature,  was  placed  as  expeditioufiy  as  poflible  over 
the  middle  of  the  cork  cup,  and  in  fuch  a  fituation  that  the 
whole  of  the  defcending  conical  point  (half  an  inch  in  length) 
was  immerfed  in  the  ice-cold  water  in  the  cylindrical  velFel, 
the  extremity  of  that  point  being  jufi  half  an  inch  perpen« 
dicular  above  the  upper  fide  of  the  bulb  of  the  thermometer 
which  lay  in  the  cork  cup. 
It  Was  forefeen,       I  knew  that  the  particles  of  ice-cold  water  which  were 
that  if  the  wanr  f f^g^  brought  into  contad  with  the  conical  point,  could  not 
the  cone  became  fail  to  acquire  fome  fmall  degree  of  heal  from  that  relatively 
denfer  by  the      warm  metal ;  and  I  concluded,  that  if  the  particles  of  water 
defcend  and        ^^  warmed  fiiould  in  fad  become  heavier  ihan  they  were  be- 
raife  the  ther-     fore,  in  confequence  of  this  fmall  increafe  of  temperature, 
nomcter*  ^j^^^  ^^^^  necelTariiy  defcend  in   the  furrounding  lighter  ice- 

cold  liquid,   and   as  the  heated  metallic  point  was   placed 

direai/ 
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direAIy  over  the  cork  cup,  and  fixed  immoveably  in  that 
fiiwUioD,  I  forefaw  that  the  defcending  current  of  warm  water 
awft  necefTarliy  lall  into  that^  cup,  and  at  length  fill  it,  and 
tkat  the  prefence  of  this  warm  water  in  Ihe  cup  would  be 
afmomiced  by  the  rifing  of  the  thermometer. 

The  refttit  of  this  very  intereding  experiment  was  juft  whatl*  did,  In  fjia, 
I  eacpeded :  the  conical  metallic  point  had  not  been  in  contad  QyKnecer  in  tbc 
with  the  ice-cold  water  more  than  20  fecond^,  when  the  cup  $ 
mercury  in  the  thermometer  began  to  rife,  and  in  three  minutes 
it  had  rifen  three  degrees  and  a  half,  namely,  from  $i^  to  35 i^, 
when  five  minutes  had  elapfed,  it  had  rifen  to  $6^,  when  an 
end  was  put  to  the  experiment. 

Another   fmall  thermometer,  placed  juft  below  the  fur- *»«^j' ^^^ 
face  of   the  ice-cold  water,    and  only  ^^  of  an  inch  from  ^^^  gear  the 
the  upper  part  of  the  conical  point,  on  one  fide  of  it,  did  not  ft»rf»««  o^  die 
appear  to  be  fenCibly  affcdied  by  the  vicinity  of  that  warm         ' 
body. 

A  third  thermometer,  the  bulb  of  which  was  placed  in  the  nor  tnodicr  neir 
brafs  cup,  juft  on  the  outfide  of  the  cork  cup,  and  on  a  level  Jjj^« 
with  its  brim,    (hewed  that  the  water  which   immediately 
furrounded  the  cork  cup,  remained  conftantly  at  the  tempera- 
ture of  freezing,  during  the  whole  time  that  the  experiment 
lafted. 

As  I  well  knew^  from  the  refults  of  the  experiments  on  the  The  metal  at 
propagation  of  heat  in  a  folid  bar  of  metal,  of  which  an  ac-^  \^^°°^^ 
count  has  been  given  in  a  memoir  prefented  to  the  firft  clafs  Cime  tcmf* 
of  the  National  Inftituteof  France,  on  the  7  th  of  May  I8O49 
lh«t  the  ice-cold  water  in  this  experiment  could  not  poftibly 
acquire  from  a  contad  with  the  conical  metallic  point,  a  tem.- 
peratnre  fo  high  as  that  of  42^,  I  was  by  no  means  furprifed 
to  find  that  the  thermometer  belonging  to  the  cork  cup  rofe 
BO  higher. 

In  order  to  fee  if  it  could  not  be  made  to  rife  not  only  A  romewhac 
higher,  but  alfo  more  rapidly,  by  employing  the  metallic  ball  *'"Jfv^^  ^'^ 
heated  to  fuch  a  temperature  as  it  might  by  fuppofed  would  applied, 
be  fafficient  to  heat  thofe  particles  of  ice*.cold  water  which 
(liould  come  into  contact  with  its  conical  point,  to  the  tem- 
perature at  which  the  denfity  of  water  is  fuppofed  to  be  a 
maximum,  I  made  the  following  experiments. 

pxperiment.    No,  2. 
Having  removed  the  ball,  I  gently  brulhed  ftway  the  warm  Experiment  %, 
water,  which,  in  the  laft  experiment  had  been  lodged  in  the '^^If^^'*™^"* 

cavvVN 
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icpeated;  the  cavkjf  of  the  cork  cup,  (»nd  which  (lill  ceouiocd  therBr  <^ 
S»^?!  ^"^  ^•^  evident  from  the  indicalion  of  the  thcnnoiiietcr  belopg* 
ing  to  the  cup»)  I  placed  feveral  fmal)  cakes  of  ice  in  the 
jC)rIindrical  veflTel,  which  ice  floating  on  the  forfaoe  of  the 
water  in  the  veflel,  prevented  that  water  froqa  receiving  heat 
from  the  air  of  the  atmofphere,  which  at  that  time  was  at  the 
temperature  of  76^  F.  And  as  the  cork  cup  had  been  a  liulfi' 
^eated  by  the  warm  water  in  the  foregoing  experiment^  tioM 
>vas  now  given  it  to  cool. 

At  foon  as  the  cup,  and  the  whole  mafs  of  the  water  in  the 
cylindrical  veflel  appeared  to  have  acquired  the  teroperatare 
q^  freezing,    I  carefully  removed  the  cakes  of  ice  whicli< 
foaled  on  th^  furface  of  the  water,  and  introduced  once  mure 
the  projeding  conical  point  belonging  to  the  metallic  ball  iete' 
the  ice-cold  water  in  the  veflfel,    placing  it  escadly  in  the 
fame  place  which  it  had  occupied  in  the  ^egoing  expefi* 
ment ;  but  this  ball,  indead  of  being  at  the  temperature  of 
42^  F.  as  before,  was  now  at  the  temperature  of  6(fi  F. 
The  effed  W4S       The  refult  of  this  experiment  was  very  ftrikingi  and  if  I 
Bnorc  Goofider-    ^^  ^^^  much  miftaken,  affords  a  dire^,  unexceptionable, 
■l^e.  and  demonfirative  proof,  not  only  that  the  maximum^of  the 

dienfity  of  water  is  in  fad  at  a  temperature  which  is  feveral 
degrees  above  the  point  of  freezing;  but  alfo,  that  warm 
currents  do  adoally  (et  downwards  in  ice-cold  water*  whenever 
a  certain  fmall  degree  of  heat  is  applied  to  the  partides  of  tb^ 
$uid  which  are  at  its  furface. 
^ardcuUn*  The  conical  metallic  point  had  been  in  its  ph|ce  no  more 

than  ten  feconds  when  I  diftindly-  faw  that  the  mercury  in  the 
thermoipeter  belonging  to  the  cork  cup  was  in  motion  ;  and^ 
when  50  feconds  had  elapfed,  it  has  rifen  (out  degrees^  vi^ 
jFrom  32^  to  36?. 

When  two  minutes  and  a  half  had  elapfed,  (reckoninpjp 
froip  the  moment  when  the  metallie  point  was  introduced  into 
the  cold  water,)  the  thermometer  had  rifen  to  39^,  and  at  the 
end  of  fix  minutes  to  39 j^^,  when  it  began  to  fall ;  but  very 
iflowly  however,  for  at  the  end  of  eight  minutes  an4  a  half  i| 
was  at  S9l^. 
4  Uierfnoipeter       A  fmalf  mercurial  thermometer,  the  bulb  of  which  wei 

of'i.^cup  Wm   P^*^^^  °"  ^"®  ^^^^  ^^  ^^^  ^^^^  ^"P'  •^  ^^  diftance  of  abuil 
not  affeded.      -^  of  an  inch  from  it,  (hewed  no  iigns  of  being  in  the  leafi 

afifeded  by  the  heat  communicated  to  the  ipe-cold  waler  by 

the  metallie  ball, 

TUlm 
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This  csptriment  wa»  repeated  three  timet  the  fame  day. 

(the  134ii  of  June  1805  J  and  always  with  nearly  the  (ame 

refults. 

Tbe  mean  fdults  of  thefis  four  experiments  were  as  follows :  TabufatcJ  ic- 

fytcs  of  Uvc  ex. 

T«dHfeJ  T«»p.»tu„  of  the   feSSTSiu!'*, 

Wflpifj  fnm  water  in  the  coi  k  cup»  the  coae  at  a  knr 

the  begiiiBittg  of  as  ftewo  by  the  tbcr-  heac. 

ikccatperiiDent.  momcter. 

MSb.    Sec 

00-. 32^ 

At    0       10        began  to  rife       •        •        «        «  32-f 

MO      23        iiadrifeuto         ....  33 

O       2fi         .-..-...  3* 

0  3,5         p 35 

04^,* 36 

1  3 37 

1  35 38 

2  32 39 

5  41 39i 

4       iS  ,. 39J 

6  5 39|. 

As  I  bad  found  by  fome  of  my  experiments  made  in  tiie  Whether  a  modi 
year  1797,  of  which  an  account  is  given  in  my  feventh  eflay,  ^^^^'^"'ij 
part  I.  that  water  at  the  temperature  of  about  42?  F.  and  affea  the  water 
confequently  what  we  (hould  call  very  cold,  melted  confider-^'^^^^P*'^ 
ably  more  ice,  when  Handing  on  it,  than  an  equal  quantity  of 
boiling  hot  water,  in  the  fame  (ituation,  I  was  very  curioys 
to  fee  whether  the  thermometer,  the  bulb  of  which  lay  in  the 
cork  cup,  would  not  alfo  be  lefs  heated  by  the  ball  when  it 
(hould  be  applied  very  hoi,  to  the  furface  of  the  water,  than 
when  its  temperature  was  much  lower. 

To  determine  that  point  I  made  the  following  experioient. 

Experiment,    No.  3. 

The  cylindrical  vefTel  with  its  contents  having  been  once  Experiment  3. 
more  reduced  to  the  uniform  temperature  of  freezing  water,  "^^  experiment 
the  metallic  ball  was  heated  in  boiling  water,  and  being  as  cone  heate4  to 
expeditioufly  as  pollible  taken  out  of  that  hot  liquid,    ilssia**  ^ 

projedting  conical  point  was  fuddenly  fubmerged  in  the  ice* 
cold  water,  as  in  the  former  experiments. 

The 
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Hie  reruU  of  this  expieriment  was  very  interefitng,  and  it 

feems  to  roe  to  throw  much  light  on  the  fubjed  of  ifaefe  inveCr 

tigations. 

t(Mt  OB  the         It  was  not  till  50  feconds  had  elapfed  that  the  thermometer 

ilinr'Sidi'*  began  to  (hew  any  figns  6f  rifing,  and  at  the  end  of  one  mi« 

^Is.  nute  and  feven  feconds  it  had  only  rifen  two  degreei. 

In  the  foregoing  experiment!,  when  the  metallic  ball  was 
h  much  colder,  the  thermometer  began  to  rife  in  ten  (econdf« 
and  at  the  end  of  one  minute  and  three  feconds  it  had  rifen 
five  degrees. 

This  difference  is  very  remarkable ;  and  if  it  does  not  prove 
the  exigence,  and  great  efficacy  of  currents,  in  conveying 
heat  in  fluids,  I  muft  confefs  that  I  do  not  fee  how  the  extfi* 
ence  of  any  invifible  mechanical  operation,  the  progrefs  of 
which  does  not  fmmedialeiy  fall  under  the  cognisance  of  our 
fenfes,  can  ever  be  demonftrated 

As  the  experiment  made  with  the  ball  heated  in  boiling 
water  appeared  to  me  to  be  very  interefting,  I  repeated  it 
twice,  and  its  refults  were-always  nearly  the  Gune. 
Tabulated  xt»        The  mean  refults  of  thefe  thpee  experiments  were  ai  Sol* 

fults  of  experi*    ]ows  • 

nenCi  repeated  ) 

with  the  cone  «t  _.        .    .  ^  ^  ^  . 

a  con^dcraUe      ^>™«  ^stpkdf  Tempentutt  of  Uie 

hcau  reckoned  from  water  in  die  cork  cap» 

the  beguin'uig  of  fs  Aewn  by  the  tber* 

the  ezperinient.  laometer* 

Mill*    Se$. 

At   0      50        the  thermometer  begun  to  rife*  32-|- 

At    1        2        had  rifen  to         ...        ^    33 

17.^,.  .-.34 
118.  -  .-  .  -  ^  S5 
22 36 

3  2 36f 

4  17- 37 

6  12        --.--•-     38 

7  17        ..-•..-.     38J 
90---..--38I 

12        0        -.--.--     38J 
14.        0 38J 

Comparative  By  comparing  the  mean  refults  of  thefe  experiments  with 

view  of  the  ex-  ^h^  me^  refults  pf  (hoffB  in  which  the  ball  was  at  the  tempe- 
f^***"*"  ratore 


p 


UAXIMUM    DEKSITT   OF   VTATEB.  233 

i»l«ie  of  60*,  we  may  fee  how  much  more  rapidly  the  iber- 
Mtmeter  m  ihe  cork  cup  acquired  heat  when  the  meiallic  ball 
wu  rtlatioely  cnid  than  when  it  wai  at  the  temperature  ol 
boiling  water ;  and  it  is  more  than  prohable  that  il  was  not  till 
■fler  the  conical  metallic  point  had  been  coiidderably  cooled, 
by  a  conUd  wiih  the  ice-cold  water,  that  ihofe  Urtami  of 
moderaiely  warmed  warer  began  to dtrfcend from  il|by  which 
the  Ihenno meter  was  at  length  healed. 

In   the  «Kperinients  made  with   the  ball   healed   in  boi!inf>Wbcnthe*«tj 
water,  a  fmall  ihennomeier,  placed  juft  under  the  furface  ot,'""'*" 

'    r  J  ufcd,  d  therms 

Ihe  ice-cold  water,  on  one  tide  of  the  metallic  point,  began mcLci  ai  tht  lut- 
>  lo  rife  very  rapidly  ai  foon  a«  the  hot   ball  wai  fixed  in  its^'"  *"  '>"»<"'( 
place;  but  another  thermometer  placed  about  half  an  Inch —bat  a  lover 
low«r,  IW1  one  fide  of  the  cork  cup,  remained  lo  all  appear-'"*  "'""''■' 
ance  at  ported  reft,  from  the  bcginninjf  of  tiie  cxperimeiil  (o 
Ifae  end  of  it. 

Tlie  explanation  of  all  thefe  appearances   it  fa  eafy  (hat  itEipIuutiani 
woaM  be  a  wafte  of  time  to  fay  much  on  that  fubjeft.     It  may 
however  be   ufeful   to  recapitulate  the  principal   phenomena, 
and  Stew  in  what  manner  (iiey  tend  lo  cRablilh  the  tafls  which 
they  ace  brought  to  prove. 

Every  body  mull  fee,  a(   the   Hrft   (glance,  that  in  all  there'll"' the  H'Eht!; 
experiments  the  heat  which  caufed  the  thermometer  to  rife  wa^dcfceads  - 
carried  down  into  the  cork  cup  by  defcending  curreiils  of 
warm  water;   and   it   is  evident   that   water  »hich  del'cendi 
muft  of  neceffily  be  fpecifically  heavier  than  that  in  which  it 
defcendi. 

From  Ihe  refults  of  thefe  eiperimenU  we  may  conclude  that— ud  thegieit- 
tlic  denfity  of  water  is  a  maximum  whenlhat  Huid  it  at  a  '^""-'u  ""tlltii  "  •** 
peralure  fumewhal  lower  than  that  vt' Ihe  J'ortietli  degree  oi 
Fahrenheit's  ihermometer. 

In  all  the  foregoing  oxperimenis,  more  or  lefs  warm  water 
fiefccnded  (hroogh  the  ice-cold  water  into  the  cork  cup;  but 
Ihe  refults  o)  the  eKpeiimenti  which  were  made  with  the  me.  Hotier  xriw  « 
lallic  ball  healed  in  boiling  water,  ihew  evidently  that  when  ''^''"'  •"''  '''■ 
(he  particles  of  water  at  or  near  iliefurlaceof  aquiefcent  mafs 
of  ice-cold  water,  are  by  any  means  heated  to  a  temperature 
fevcral  degrees  above  that  of  +0"  of  tlie  Icale  ol'  Fahrenheit, 
-liich  pailidei.  fo  heated,  bei^me  fpecifically  lighter  than  ice- 
cold  Mater,  and  coDle^itently  cannot  defccnd  in  that  cold  'uid 
4eaiet  licjurJ. 
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With  the  hot         In  the  experiments  in  qeeflieo^  (wilb  the  hot  ball)  Tome  of 

cooefotneof      the  particles  of  the  water,  namel/,  thofe  which  caise  lirfi  inio 

cd  and  fomc  d^^contad  with  the  conical  melalUc  point,  were  heated  U>a  jiigher 

Ibcodcd.  temperature  than  that  at  which  they  were  difpofed  to  iiiik  in 

ice-cold  water;  and  thefe  rofe  and  fpread  themfel^es  owerihm 

fiirface  ofNthe  cold  liquid;  bat  others,  which  happened  to 

acquire  lefs  heat,  delcended  in  ii,  and  after  filling  the  cork 

cup,  orerflowed,  no  doubt  its  brim,  and  then  delcending  to 

the  bottom  of  the  brafs  cup,  and  coming  into  contad  with 

that  ice»cold  metal,  were  there  oooledt  and  there  remainedl 

at  reft. 

Cork  t  r^  -^  ^^^^  **  ''^  excellent  non-condudor  of  heat,  ibe  warm 

■M*€oiidute-*  Water  accumulated  in  the  cork  cap  during  an  experimenl  re» 

tained  its  heat  a  long  time  after  the  heated  ball  was  remo¥od» 

aotwithfianding  its  being  furrounded  on  all  iides,  and  even  oo* 

vered  immediately  by  ice-cpld  water ;  (which  by  the  by  it  a 

pretty  firong  proc^  that  water  is  by  no  means  a  good  coodudor 

Ctotioiis.  of  heat)  care  however  was  taken,  not  only  to  removo  tiiit 

warm  water  after  each  experiment,  by  brufhing  it  away  with 

the  foft  end  of  a  Arong  feather  or  quill,  but  alfo  to  cool  tha 

cup,  and  reduce  it  to  the  temperatnre  of  freezing  waleri 

which  laft  operation  was  found  to  be  much  accelerated  by 

brufhing  it  out  frequently  with  the  feather.     In  order  that  this 

feather  might  itfelf  be  ice-cold,  it  was  fuffered  to  remain  coo* 

fiantly  in  the  ice-cold  water,  in  the  cylindrical  veflel* 

Appvatus  bf         I  mud  not  forget  to  give  an  account  of  the  means  ufed  tof 

which  the  cone  fixing  the  metallic  ball  in  its  place.     This  was  done  jn  a  very 

^m  fixed.  ^^^j^  ^^^  effeaual  manner.     A  flip  of  firong  tin  (G  H)  fix 

inches  long^  and  2f  inches  wide,  with  a  circular  bole  in  ih^ 

middle  of  it,  one  inch  in  diameter,  being  laid  horizontally  oa 

the  top  or  brim  of  the  cylindrical  veiTel,  in  fuch  a  manner  thalt 

the  center  of  that  circtilar  hole  coincided  with  the  axis  of  the 

cylindrical  vefTel,  the  (hort  cylindrical  projeQion  belonging  to 

the  bail  being  introduced  into  that  hole,  the  ball  was  firmlj 

fspported  in  its  proper  place. 

The  quantity  of  ice-cold  water  in  the  cylindrical  veflel  waa 
fo  regulated  that  the  whole  of  the  conical  point  being  fuU 
merged,  the  furface  of  the  water  was  on  a  level  with  the  lower 
end  of  tlie  cylinder,  or,  which  is  the  fame  thing,  with  the 
bafe  of  the  inverted  cone. 

4  Whea 
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When  not  only  the  whole  of  the  conical  point,  but  a  part  The  conical 
alb  of  the  (hort  cylinder  were  ifflmerfed  in  the  ice-cold  water,  i^J"  he'imiaMfe* 
the  warmed  water  appeared  to  be  thrown  into  eddies  in  itsjde-  metii. 
font,  which  difperfing  about  prevented  its  &lliog  regularly  in 
oo/t  continued  ftream  into  the  cork  cup. 

To  conclude,  I  would  jud  obferve,  thai  although  the  fore-  It  h  not  eaff  t» 
going  experiments  appear  to  me  to  be  perfedly  un^^cception- ™^Jj^J^**^^ 
able,  and  that  their  refulti  afford  deroonftrative  proof  of  the  ekvaced  tampcp* 
bSM  which  they  were  contrived  to  edablilh;  yet,  when  at- ■***"•* 
tenpU  are  made  by  experiment!;  fimiiar  to  thefe,  to  determine 
wbetker  beat  can  be  made  to  pafs  downwards  in  water  which 
itatabigber  temperature  then  that  at  which  its  denfity.ts  a 
magpaMMi,  difficulties  occur  which  appear  to  me  to  be  quita 
mAiriBOuntable. 

The  fluidity  of  water  is  fo  perfed,  or  the  mobility  of  its  For  the  fiaes 
partfdet  la  great,  that  the  liquid  at  the  furface,  which  is  Aril.,^^y^^liy 
heated  and  rarefied,  immediately  fpreads  far  and  wide,  and  the  cflfeas  k^ 
flMBliog  with  the  fides  of  the  containing  veiliel,  heats  them,  heat "te^ 
and  Ibis  heat,  fo  acquired,  making  its  way  downwards  (as 
wall  as  upwards)  in  the  Iblid  fubdance  of  which  the  veflfel  i| 
<9on|lr4i^ed,  raifes  the  temperature  of  the  lower  ftrata  of  the 
laid  in  oontaA  with  it,  which  moving  towards  the  axis  of  tba 
veflel,  communicates  heat  to  a  thermometer  placed  there>  be* 
law  tbc  farface  of  the  water. 

That  Ihefe  various  operations  do  in  fa6t  take  place,  nobody  Fads  which 
can  doobt :  and  it  appears  to  me  to  be  the  more  probable  that  lujl^^t^^^ 
att  the  beai  which  a  thermometer  placed  below  the  furface  of  fiderable  heats 
warn  sfvater  acquires  when  a  great  degree  of  heat  is  applied  '*?  ^^^^  ^"'^ 
to  the  particles  of  that  fluid  which  are  at  the  furface,  is  in  fad  watds  through 
received  from  the  fides  of  the  containing  veflel,  not  only  be*  ^"W'ty  the   . 
fS&ab  the  thermometer  acquires  heat  (b  very  flowly,  but  alfo.  ^ffku 
and  more  efpecially,  becaufe  this  heat  is  acquired  much  more 
HowJy  when  the  containing  velfei  is  wide  than  when  it  is  nar- 
fow;  and  alfo  when  it  is  made  of  a  fubfiance  which  is  a  good 
CopduQoT  of  heat  than  when  it  is  conftruded  of  a  fubdance 
lahicfa  is  a  bad  condudor  of  heat,  as  I  have  found  by  ex  per  ir 
meat.     But  as  this  particular  enquiry  is  foreign  to  my  prefent 
purpofc,  i  (ball  not  enlarge  on  it  in  this  place. 
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Dcftripiion  of  a  Prefs  for  preferring  botanical  Suhje^;  toM  a» 
Account  qf  ilit  Saccefs  of  the  Improvement  in  the  Art  qfBiaflm 
ing  pointed  out  by  Mr.  Jessof  in  tfds  Journal.  In  a  Letter 
from  Mr,  Tho.  Harrison. 

To  Mr.  NICHOLSON. 
SIR, 

IntmdoAory      JjEING  (lefirous  to  make  a  collection  of  the  plants  which 
ob(.  on  prefenr-  grow  in  the  neighbourhood  of  Kendal,  and  to  preferve  them 
lo^  pun  u        In  an  berbariuro,  I  was  naturally  led  to  a  confideratUm  of  the 
different  methods,   which  have  been   ofed  by  botanifls,    of 
drying  apd  preferving  fpecimens  ;  but  finding  none  fo  com- 
plete and  expeditious  as  I  could  wifh,  I  therefore  adopted  m 
plan  of  my  own,  which  I  am  perfuaded  will  be  found  to  an- 
fwer  every  purpofe  that  the  botanift  can  require.    The  real 
utility  which  is  to  be  derived  by  a  young  botanift  from  the 
prefervalion  of  plants,  is  the  power  of  future  examination,  and 
to  anfwer  the  purpofe  the  natural  appearance  of  each  fpeci- 
men  ought  to  be  preferved  as  calculated  to  produce  thiseflfed; 
for  fince  the  feed-velTcls  and  Hems  of  plants  occupy  much 
more  fpace  in  thick nefs  than  the  leaves,  in  order  to  prefer ve 
the  latter  from  (hrivelling,  the  two  former  muft  generally  be 
bruifed  in  fuch  a  manner  as  totally  to  preclude  any  accurate 
invedigation  afterwards :  and  this  on  trial  is  found  to  be  the 
cafe :  befides,  all  the  plants  that  happen  to  be  in  the  prefs  at 
the  (ame  time,  however  various  their  texture,  are  fubje6ted 
to  the  fame  degree  of  preflure. 
RemarVs  on  the      The  plan  recommended  by  T.  Velley»  Efq.  feems  equally 
fl^thodft  now  in  exceptionable ;  I  mean  the  method  of  placing  the  plant  when 
frefh  between  feveral  (beets  of  blotting-paper,  and  ironing  it 
with  a  large  fmooth  heater  pretty  flrongly  warmed,  till  all  the 
moidure  is  difTipated.     By  this  method  it  is  evident  that  the 
parts  of  frudlification  mud  be  much  bruifed :  it  may  preferve 
the  colour  of  the  blolToms  better  than  any  otiier,  but  this  in 
the  fcience  of  botany  is  not  very  eflential,  at  leaft  if  it  was  { 
believe  that  no  method  hitherto  di (covered  will  furceed  uni- 
verlally  in  arreting  the  fading  beauty  of  delicate  flowcrit. 
The  next  plan  which  is  given  by  Dr.  Withering,  is  one  ufcd 

by 
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faj  a  Air.  Whateley  a  furgeon,  but  his  contrivance^  thoog" 
certainly  better  adapted  to  preferve  the  parts  of  frudification 
and  tbe  (hape  of  the  flem  entire  than  the  two  former,  I  fouild 
woakl  take  up  much  more  time  than  a  country  furgeon  can 
well  fpare ;  therefore  this  led  me  to  make  what  I  thought  an 
improvement  on  Mr.  Whateley's  plan,  and  the  experienced 
bolaniH  is  left  to  judge  of  my  fuccefs  from  the  following  de- 
fcription  ;  this  I  can  fay  for  it,  that  it  anfwers  completely  (of 
oourle)  to  my  own  wi(h ;  but  further,  that  Mr.  John  Gough, 
of  Middleftiaw,  who  has  the  bed  collodion  of  plants  in  this 
cotiDlj,  regrets  that  he  bad  not  tbe  iame  contrivance,  and 
baa  urged  me  much  to  lend  you  the  following  defcription  of 
mjprefs. 

Tbii  infiroment  cooiifts  of  17  oblong  boxes,  each,  except-  The  asthor*! 
ing  the  appermoft  and  iowermoft,  is  made  of  four  fides  otf^^^    Itcon- 
well-feaboed  oak  wood,  two  inches  deep  and  one->fourth  offifttof  aferie«of 
an  inch  thick,  dove-Uiled  together ;  the  two  end-pieces  of  ^^j' f'^^*^ 
which  have  two  notches  each  in  the  middle  wherein  to  place  the  loweft)  can;* 
thp  fingers  in  lifting  it ;  and  the  bottom  coniifts  of  canvas  ^  ^^^^^j^ 
glued  and  nailed  to  the  wooden  frame  :  in  each  corner  is  fixed  fuui,  and  the 
a  faiall  triangular  piecre  of  wood  reaching  half  an  inch  from  f^^  ^'^  '^^  ^ 

"  between  dox  and 

the  bottom  upwards  (for  a  purpofe  hereafter  to  be  explained),  ^ox. 

Thefe  boxes  are  made  fo  as  to  be  placed  one  within  another 
fucceffively  upwardit,  the  lowed  (I  am  fpeaking  only  of  the 
15  with  csinvas  bottoms)  meafures  20  inches  by  16  on  the 
outfide,  and  the  higheft  12  inches  by  8.  The  bottomed,  or 
carriage  on  which  all  the  others  are  fupported,  is  much 
fironger,  the  fides  of  it  being  two  inches  deep  and  three  quar- 
ters of  an  inch  thick:  its  bottom  is  of  wood  of  the  fiime 
thicknefs,  all  over  perforated  with  holes  one*third  of  an  inch 
in  diameter,  and  reds  on  four  iron  cadors,  one  at  each  cor<^ 
ner,  to  render  the  whole  more  eafily  moveable ;  at  each  end 
of  it  there  is  an  iron  handle :  This  box  is  20  inches  by  1 6 
within,  and  will  therefore  barely  receive  the  larged  of  the 
boxes  with  canvas  bottoms.  The  uppermofi,  or  J  7th  box»  is 
of  the  fame  condrudion  as  the  canvas  boxes,  excepting  that 
its  bottom  is  of  wood  of  the  fame  thicknefs  as  its  fides,  with  a 
number  of  holes  pierced  through  of  the  fame  magnitude  as 
tfaofe  in  the  carriage,  and  canvas  glued  to  the  under  fide  of  ir« 
To  complete  this  prefsi  two  folds  of  blotting-paper  are  to  ba 

placed 


I 


g3§  MR.    MAKRISOV'S    lOTAITICAI   HStf* 

placed  over  the  holes  in  the  bottom  of  the  attmf^,  in  whidiPt 
mi  well  ax  all  the  canvai-boxes.  moft  be  pat  an  inch  in  depth 
l>f  the  finefi  fand^    waflied  and  fifted;    river  fand  it  noft    l 
eligible,  as  being  feaft  angolar ;  which  find  muA  be  made  $ 
level  on  the  top  by  drawing  over  il  a  rule  thai  leaehet  oife  1| 
inch  inio  each  box :  thefe  boxes  are  placed  one  within  anetbeft   i 
and  each  by  oontaining  an  inch  depth  of  iand»  raifes  the  in-   i 
combent  frame  one  incfa»  fo  that  when  tbey  are  thus  cfaaiged    i 
and  placed  one  upon  another^  the  whole  makes  a  tranoafed    i 
pyramid  of  18  inches  in  height,  and  weighing  abent  1  ewt.    ^ 
The  appermoft  box  may  be  filled  with  filnd,  or,   if  riMre 
weight  be  neceflary,  with  (hot.    To  thi»box  1  havcfgdded 
(what  is  by  no  means  eiTential)  a  cap,  confining  of  -the  fidet 
of  three  boxes  ixed  one  within  another^  each  prqjeAmg  ^me 
inch  above  its  inferior,  for  the  fake  of  onifomity ;  the  tbp  is 
oovered  by  a  thin  board :  when  this  cap  is  pbced  apen  the 
ttppermod  box,  the  whole  hat  not  an  inelegant  appearance. 
X^meetD^     Left  the  defcription  fliould  not  be  fufficiently  deaf,  I  have 
iketched  the  following  figore,  reprefenting  a  perpendicalir 
fedion  of  the  prefs  viewed  on  one  fide  of  it*    Plate  XV* 

Fig.  1 .  reprefonts  a  perpendicolar  fedkm  of  the  preb  atade 
length  wife. 

a.  The  end  of  the  bottomed  box  or  carriage. 

6.  Its  bottom  part  perforaled  with  holes. 

r.  The  end  of  the  firft  box  with  a  canvas  bottom* 

d.  The  canvas  bottom. 

e.  The  fand  which  but  half  fills  the  box. 
.  /.  The  17ih  or  upperaioft  box,  with  a  perforated  wooden 
bottom* 

g  g  §•  Reprefent  the  end  of  the  cap  fbrased  of  the  firamei 
of  three  boxes,  in  the  empty  fpace  of  which  may  be  phced 
the  botanift's  pocket  box. 

Fig.  2.  reprcfents  the  rule  wherewith  the  fand  is  madd  level 
in  the  boxes;  it  is  18  inches  long. 

lit  A  notch  one  inch  deep. 

i.  The  edge  made  thin, 

k,  A  notch  an  inch  long. 

Fig,  3.  reprefenta  the  end  of  a  canvas  box. 

/  i.  The  two  notches  to  place  the  fingers  in  when  the  box 
it  to  be  lifted. 

The 
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The  Method  <if  xfing  it. 
After  a  rpe<.'i(nen  J*  fele^led,  a  flip  of  paper  ia  to  be  ml- Mcchod  oT  ufinc 
containing  its  name,  place  of  growth,  and  ''"'C'rhr  bIuci  > 
>«(  gslheriiig.     The  boxei  ate  then  to  be  taken  uff  by  three  or  laid  tKiween 

ir  si  alitne,  until  tlie  number  removed  may  be  jad^J  lo  be  "'""*■  P'f?'» 
>«(  CufEcient  weight  to  produce  ihe  necelTary  prelTiire,  On  (lie  icguiiiEd  by  (be 
fcpd  in  the  box  thui  fdefled  lor  ufe,  a  lingle  Wd  ot  blotlini'."""*^'''^'"™ 
^per  IDUU  be  placed;  upon  (hal  ihe  pjani,  taking  care  to 
yreferve  a*  mtidi  at  podihie  the  nJttural  pofilion  of  lis  cliaric- 
•eriAtc  paria :  Over  the  plant  s  Cecond  told  ot'  paper  mulj  be 
lud,  and  then  ihe  boxes  are  lo  be  replaced.  II  llie  plant  be 
woody  and  require  much  preOure,  place  il  near  the  bottom ; 
htti  if  fucculent,  near  the  top;  and  herein  confifis  one  gr«at 
■BdvanUgeof  this  pre fs  over  every  other,  litice  ibe  preOUrecan 
'  be  rcle£tc<l  or  varied  at  pleal'ure,  and  all  the  parta  of  Ibe  plant 
pnJTed  equally  ;  fur  if  ihe  plant  be  fucculeni,  the  prefliire  can 
Icarcely  be  too  <lighi  at  firtl,  and  may  be  gradually  iucreafed 
'Wilbout  ever  bruirntg  the  lendereA  part ;  and  if,  on  the  oilier 
hand,  flrong  prelTure  be  required,  the  plant  may  be  placed 
in  ibe  bollomeft  box  ;  and  it'  d»  weight  ot  fand  be  not  thought 
fulficienl,  any  number  of  ihe  boxes  next  above  il  may  be 
loaden  with  final!  Ibol,  by  M'hich  the  prcfTure  may  be  increafed 
■niit  the  bones  be  full,  when  the  prell'ure  exerted  wuuld  be 
much  greater  than  the  ftrongell  plants  could  bear  without 
faaving  fome  ot'  its  eflenlial  parts  defaced.  Another  advantage 
which  led  me  to  give  a  preference  to  ihii  method  of  prelSitg 
'plant*,  was  the  great  faving  of  lime;  for  though  my  ptofeU 
iiunal  avocations  lliould  require  my  rinmediale  ptefence  at  a 
'iliAance,  and  thus  drag  me  from  ibis  innocent  amuft^ment 
wbfin  in  Ihe  bulied  part  of  claHing  and  arranging  oty  fpect' 
men*,  and  though  my  prefs  (liould  be  completely  fepaialed 
into  iti  conftitueiil  parts,  yel  tha  whole  can  be  arranged,  in 
Uie  fpace  of  one  minute,  to  remain  unlil  the  next  lelfure  lime 
tlial  may  occur ;  fo  thai,  in  fafl,  wilh  Ihit  contrivance,  bolany 
il  a  Ifudy  thai  can  be  entered  into  nr  given  up  at  it  may  full 
(be  convenience  of  a  moment;  which  is  not  ihe  cafe  where 
•ny  of  the  plans  dcfcribed  in  Dr.  Wiihering's  Inlroduftion  lo 
the  Stady  of  Botany  «  are  followed. 

,  •  Third  EJition, 
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I 

Remarks  on  tBe  It  may  be  neceflary  to  explain  fome  parts  of  the  flnifiartf 
wiiiumof  this  ^^  ^^®  prefjt.  The  holes  in  the  bottomed  and  oppermoft  boxes 
are  to  admit  of  the  circulation  of  air  and  the  eraporatiob  of 


moidare,  which  will  be  conflderable  when  the  prefs  without 
its  cap  is  placed  within  the  influence  of  the  fun  or  fire,  as  at 
always  ought  to  be :  and  the  fmall  triangular  pieces  of  wood 
in  the  corners  of  each  box,  are  to  prevent  the  upper  boxes 
from  prefling  folely  on  the  canvas  bottom  of  the  loweft 
box,  when  any  number  are  lifted  together:  thefe  may  at 
firfl  fight  appear  likely  to  impede  the  prefTure  of  the  (and 
when  placed  in  the  prefs^  but  this  objedion  will  vanifh  when 
it  is  recollefled  that  each  box  contains  an  inch  depth  of 
fand :  and  it  is  evident,  on  examination  of  the  prefs,  that 
the  fides  of  the  boxes  (ervt  no  other  purpofe  than  to  keep 
the  fand  together;  for  they  are  perceptibly  moveable  in  a 
perpendicular  dired^ion,  and  fuflain  no  preflure  from  the 
fuperior  boxes ;  therefore  the  plant  is  placed  as  if  in  a  heap 
of  fand. 
The  bed  me-  I  am  afraid  I  have  already  trefpafled  too  long  on  the  atten- 
k^^lrlTn^  lion  of  the  reader,  bat  I  cannot  difmifs  the  fobjea  without 
b  t9  ftltch  ibem  offering  a  few  obfervations  on  the  manner  of  preferving  plants 
to  a  paper.  ^f^^^  i),^y  are  dried.  There  have  been  at  lead  three  methods 
ufed :  fird,  fixing  them  to  paper  by  the  aid  of  gum*water ; 
fecond,  placing  them  loofely  in  a  book :  third,  ditching  them 
with  thread  to  a  (heet  of  paper.  The  firfi  plan  appears  to  me 
the  lead  eligible,  for  it  cannot  be  neatly  executed  unlefs  the 
plant  be  preded  nearly  flat,  and  by  fixing  it  to  the  paper  it 
can  never  admit  of  an  accurate  examination  in  future,  but 
becomes  a  mere  pidurc,  and  a  very  imperfcA  one ;  for  almoft 
every  didinguifiiing  character,  efpecially  the  parts  of  firuAifl* 
cation,  are  injured  or  defaced  ;  even  the  general  habit  is  often 
fo  much  altered  that  the  plant  could  not  be  afcertained,  were 
it  not  for  the  name  generally  fubfcribed  at  its  root.  The 
fecond  plan  is  alfo  objedionable;  for  though  the  plant  may 
at  any  time  be  fubjeded  to  examination,  yet  by  lying  loofe  in 
a  book,  it  is  very  apt  to  be  broken  by  the  lead  motion,  par* 
ticularly  when  kept  dry,  which  all  preferred  plants  ought  to 
be.  The  third  appears  to  me  the  lead  liable  to  obje^ion ; 
for  if  the  plant  be  neatly  ditched  down,  it  will  not  be  fabjed 
to  fucb  motion  as  to  injure  its  parts;    and  by  cutting  the 

threads 
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Itireads  it  maj  be  detached  from  the  paper,  and  fubjeded  (o 
any  fotare  invefttgation. 

I  am.  Sir, 

Your's,  &c, 

l[cndal,Jufy  S,  THOMAS   HARRISON, 

IS05. 

P*  S.  I  cannot  refrain  from  calling  to  the  reco1Ie6lion  of  Account  of  the 
yoar  readers  a  valuable  paper  in  Ihe  9th  Vol.  p.  230,  of  your  ^Jj^/'Jj^J^P*^' 
Joarnal,  recommending  the  ufe  of  fand  in  the  blafting  of  rocks,  method  of  buft- 
The  effeds  there  related  of  this  fim pie  agent,  I  confefs  did  »"«  "^^^l"d»- 

-      .„  ,  1  .       ▼  i  t  i-      cated  in  this 

attonifh  me  more  than  any  thmg  I  ever  read :  and  as  very  fe-  jouraal  by  W« 
fioos  and  even  fatal  accidents  have  happencid  by  the  method  of  Jc^op>  ^^V  j 
ramming  blails  with  ftone  in  the  limeflone  and  date  quarries 
in  this  neighbourhood,  I  was  determined  to  repeat  the  experi* 
ment  the  firfl  opportunity,  and  thus  (hew  its  effedts  to  the  men 
who  work  in  thofe  places.  Accordingly  no  long  period 
elapfed  before  I  had  occafion  to  be  in  the  neighbourhood  of 
the  flate  quarries  in  Longfliddale,  about  ten  miles  from  Ken- 
dal ;  when  I  went  to  one  of  thofe  quarries,  taking  with  me 
a  bag  of  fmall  fand,  confiding  of  powdered  freeilone  ufed 
in  this  country  to  fcour  pans  with,  and  drew  upon  the  done 
floors.  I  mentioned  my  budnefs  to  one  of  the  workmen  who 
was  then  engaged  in  boring  a  hole  24'  inches  deep  and  about 
an  inch  diameter  in  a  date  rock ;  the  dralum  was  about  27 
inches  thick,  and  reclined  from  the  perpendicular  about  20 
degrees ;  and  this  being  the  drd  blady  it  was  confequently 
firmly  furrounded  and  dxed  in  on  all  ddes  by  folid  rock  :  The 
part  that  he  wanted  to  throw  out  by  the  blad  was  fuppofed  to 
be  five  ton  weight :  The  direction  of  the  hole  which  he  was 
borhig  was  perpendicular  to  the  dratum,  and  therefore  ele- 
vated above  the  horizon  about  20  degrees.  He  fmiled  at 
my  propofal,  but  faid  he  would  try  the  experiment  to  fatisfy 
me,  provided  I  would  pay  for  the  powder  if  it  failed  ;  but  he 
feemed  to  think  that  I  had  a  very  poor  idea  of  blading,  to 
believe  that  a  little  light  fand  would  anfwer  the  purpofe  of  the 
laborious  and  dangerous  procefs  of  ramming  which  he  had  been 
accudomed  to  ufe.  However,  he  charged  his  blad  with  pow- 
der  in  the  manner  he  had  been  ufed  to  do ;  t.  e.  into  this  hole 
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Safe  and  etfy      of  1*  t  ivxhc^  in  Jeplli,  he  piit  as  much  powder,  togcltier  with 
f"^  ^  ^^®  °^  three  pieces  of  broken  flicks,  of  haff  ai)  inch  diameter 

and  about  four  or  five  incheN  Ton^,  a^  reached  12  inches  up- 
wards :  The  flicks  he  mtroducc^d  for  tlic  purpofe  of  keeping 
the  powder  ludfe  in  fhe  hole,  fo  tiial  it  might  tike  fire  iaot6 
nearly  all  at  the  fame  inflant :  This  done,  he  put  in  a  charged 
llraw,  into  the  outer  end  of  which  was  fixed  a  match-paper  ; 
and  laflly,  he  (with  a  fmirking  countenance,  anticipating  Uie 
joy  he  expeded  (o  feel  at  my  difappointment)  fitled  up'  tlie 
hole  with  fand.     The  match  was  then  fired,  upon  whicli  we 
removed  to  a  diflance^  and  the  powcler  fooh  exploded  ;  wneh 
he  immediately  exclaimed,  from  the  peciiliari'ty  of  the  report, 
though  the  effeO,  was  unfeen  by  hi  mi  tWt  the  rock  was  a:i 
compIeteTy  fliattered  as  if  the  hole  had  been  rammed  wiih 
Ilohe ;  and  a  view  of  the  place  verified  the  prediflioA.   )Sincc 
that  time  the  plan  has  been  aidop(ed  in  'that  and  itiofi  of  the 
neighbouring  quarriesi  with  the  ufe  cf  (nia!I  fand  which  h 
Svaflied  Out  of  the  river  in  floods,  and  the  method  anfwers  as 
well  as  the  old  one  which  was  attended  with  (b  much  danger. 
In  one  cafe  (lie  fand  was  thrown  out  twice  without  any  ieffeft 
on  the  rock  ;  the  third  time,  the  hole  was  rammed  in  the  lifua't 
manner  with  Aone,  which  was  thrown  out  likewife ;  fo  that 
the  new  proccfs  fortiin'ately  lofl  xio  rdpuCatibn. 

I  have  detailed  thus  miich  in  confirmation  of  the  valuable 
'paper  before  mentioned,  and  In  hopes  that  it  rnay  induce  fome 
o^  your  readeirs  who  reltd^  in  the  neighbourhood  of  mines  or 
quarries,  to  endeavour  to  introduce  Uiis  fafe  and  eafy  method 
in  lieu  of  fhe  dangerous  and  tedious  one  of  ramming  tvith 
fl6ne,  in  which  procefs  we  have  had  repeated  inffan^es  of 
the  lofs  of  linib,  vifion,  ahd  even  life  itfelf :  In  the  ofe  of 
fand  there  is  comparatively  tlo  danger,  and  by  adopting  tlib 
plan  many  a  valuable  life  will  be  fdvcd» 


D^criftwa 
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D^t-riftioti  of  a  Sifftli/  I'ahe,  cimUuniag  a  I'acaum  Valtt  tn  the 
jUMt  Half/tit  BoiUr.     BySirA.  N.  EoELca*sit.* 

iw  luge  boilen  or  coppert,  where  boiling  fluids  are  eo- Large  l»il«n  rt« 
dofed,  a  jUjciy  voire  ii  generally  ufeJ  to  prei'cnt  their  bufft-  2,j^j  mjTy*- 
itfg,  from  on  unexpected  cxcelSve  force  of  tlie  elallic  Ream,  cuun  hIw*  i 
,MkI,  befidc*,  a  vacaun  rahe.  to  pcevenl  (heir  being  com- 
ftranbd  or  crulhed  by  tiie  weight  of  nteriial  air,  in  the  cafe 
of  ft  tiiddeti  candenbtion  of  Ihe  vB{x)iir9.  Tliefe  two  valves 
we  comitMRly  tilled  in  two  difTcrent  holei  ia  liie  boikr;  bul 
w  a  More  (imple,  and  conreigoently  inoie  eligible,  method 
fecmt  to  be  thai  of  Joining  Iher*  logetlter,  I  take  the  liberty 
t*  (ftbmk  to  [tie  Society  for  lite  Encouragemetit  of  Attn  &c. 
the  following  contrivance  for  that  purpofe  :— 

a  b,  Pktc  XII.  Fig.2.  15  9  common  conical  fafclj  valve,  Dffcripiiooof* 
fixed  in  the  boiler  c  d,  having  four  openirgi,  i  i,  which  are  f,",!^ViJM,^" 
rcprefentcd  in  a  plan  view  in  ft^  3  :  e  /  is  the  metallic  rod,  officii. 
ttMn'ng  the  weight  K  K,  with  which  the  fafety  valve  is 
loaded,  and  extending  ilfelf  under  that  valve  lo  /:  ^  A  is  the 
vacuum  vuhe  conlifling  in  a  plane  circular  plate,  with  a  brafi 
lube  Aiding  along  the  rod,  and  pfefled  by  a  fpiral  fpring  lo 
the  fafety  valve  a  b  (againll  which  ii  lias  1>een  well  grotind  in 
jBjJcing  it),  clofing  in  that  lilualion  the  openings  i ). 

Such  being  the  conllmdiun  of  the  whole,  it  is  evidenl,  ^a<  Ii  it  >  \aaki 
when  the  elafticiiy  of  the  fteain  increafes,  the  two  valves,  "'*fop«''u»f 
joined  together,  with  the  hoW  1 1  (hui,  make  bat  one,  «ppo-  in  in  p)Hc  • 
^  fing  to  the  elaflicily  of  the  (Win  an  united  refiftance,  which  fi>""K-vil»e 
,  ii  r^ulaled  bj-  llic  weight  k  k,  in  tlie  common  way  ;  bul,  on  ^mj,. 
tlie  contrary,  when  by  condeiifaljon  of  Ihe  vapours  a  vacuum 
it  produced,  the  external  air  in  prctCng  through  ii,  upon  the 
vacuum  valve  £  h,  forces  it  down,  and  openi  to  itfclf  a  fBlTajc 
jaio  the  boiler. 

The  valve  ;  A  may  ealily  be  mode  conicoli  like  tjie  olbef, 
ii  that  form  Ihoakl  be  preferred  ;  but  in  diffiriMU  irials,  I  luve 
ioand  i^anet,  if  weL)  turned  andiground  logellicr,  joiuas  pef- 

*  Prom  the  MmuHn  of  ttic  Si^ciety  of  Artt  for  M0\,  Th« 
filvcmtdil  wuntrardMl  for  thit  invention. 
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to  a  former  con* 
triYance* 


fedtly  as  can  be  defiredt  being  prelTed  by  the  united  elaSicity 
of  the  fpring  and  the  fleam*. 
The  fame  ipplied  fi^,  4,  is  the  fame  contrivance  adapted  to  a  new  kind  of 
Jiffety  vahe  or  piflon,  which,  though  I  originally  intended  it 
for  the  dfe  of  Papin's  dtgefteri  of  a  new  conflrudion  *,  has 
been,  in  a  larger  fiase,  applied  by  me  even  to  Aeam  engines, 
and  is  defcribed  in  the  Pbiloibphical  Magazine  of  Decern- 
ber,  ISOS.f 

I  have  lately  begun,  and  fball  pnrfue,  a-  fet  of  eKperisQent^ 
with  the  intention  of  regulating  by  (his  fafety  pi0(in»  the 
'quantity  of  admitted  air  to  fire-gratesi  and  to  effed,  by  that 
means,  a  new  mode  of  regulating  die  fire,  and  the  elafticity 
of  fteam  in  boilers,  with  lefs  expenditure  of  foel  and  of  force 
than  ufual ;  of  which  idea  a  bint  is  given '  in  Che  work  and 
]place  above  mentioned.  The  refuU  of  the(e  refearcbes.I 
ihall  at  fome  future  period  do  myfelf  the  honour  of  commaai^ 
eating  to  the  Society. 


OdMTfsperU 

SKncs. 


•»^ 


IV. 

* 

Obftrratitms  and  Experiments  for  the  Purpnfi  of  ajcertaininf 
the  depute  CharaBtrs  of  the  primaty  Animal  Fluids,  and  <(► 
indicate  their  prefence  by  accurate  chemical  Tejls»  By  Joan 
B08TOCK,  M,  Z>.     Cmftmunicaied  by  the  Author, 

Great  want  of      A  HE  precifion  which  the  analyfis  of  mineral  and  vegetable 
anixnal  amdyfir*  f^^^^nces  has  attained,  does  not  appear  to  be  yet  extended  to 

particularly  of 

the  fluidf.  *  Nicholfon's  Journal,  March,  1804. 

f  The  defcription  of  this  contrivance  being  already  publiihed^ 
it  would  be  fuperfluous  to  repeat  it.  I  only  beg  leave  to  add  the 
following  practical  remark.  A  metallic  pifton,  if  well  turned  and 
fitted  into  a  cylinder  of  exaflly  the  fame  kind  of  metal,  will  pro- 
bably have  tht  fame  degree  of  expanfion,  efpecially  if  hollow,  and 
confeqaendy  will  not  increafe  its  fri^ion  in  any  increafed  degree 
of  temperature.  But  as  in  pra£lice  the  cylinder  is  commonly  ex- 
pofed  to  a  lower  temperature  than  the  pifton,  heated  by  the  fteam, 
a  little  increafe  of  fri6lion  will  take  place  by  an  increafe  of  heat. 
To  prevent  the  tfk^  of  this,  I  have  found  it  ufeful  to  employ  for 
the  pi  (Ion  a  metal  of  fomewhat  lefs  expand  ve  power  than  the  cy- 
linder: and  the  expaiiiion  of  red  copper  being  to  that  of  brafs 
nearly  as  10  to  1 1,  I  prefer  making  the  pifton  of  the  former  meta^ 
when  the  cylinder  is  made  of  brafs. 

I  he 
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the  protfb'As  of  the  animal  kingdom.     This  remark  maybe  -  t 

applied  both  (o  the  foltds  and  flaids  which  compofe  the  animal  | 

iKkly,  but  it  is  the  moft  apph'cable  to  the  latter  claHt  of  Tub-*  .    * 

ifaracei.'     The  terms  ferous,   mucilaginous,   gelatinous,  &c. 

mre  employed,  even  by  the  mod  efieemed  medical  and  •  phyfi- 

ological  writers  \  in  a  vague  and  indeterminate  manner, 

without  attending  either  to  the  original  import  of  the  word,  or 

to  the  reftrided  meaning,  which  it  is  neceffary  to  impofe  upon 

popular  exprelfions  when  they  are  adopted  in  fcientific  re- 

fearches.     The  objeA  of  the  preifent  paper  is  to  afcertain  m 

definite  charadter  for  what  I  propoTe  to  call  theprimary  animal 

flaids,  and  to  difcover  delicate  and  accurate  tefts,  by  which 

their  prefence  may  be  eafily  and  certainly  indicated.     By  pri-  Primary  aoixnal 

nary  animal  fluids,  -t-  I  mean  thofe  into  which  the  compound    - '^ 

fluids  exlfting  in  the  animal  body  are  capable  of  being  refolved 

by  the  application  of  different  re-agents,  without  deoompofing 

ibcm  into  their  ultimate  elements. 

Albumen* 
The  firfl  of  the  animal  fluids  which  I  propofe  to  make  the  Albumen,  a 
fubjea  of  my  inveftigation  is  the  albumen.     With  the  cxcep.  ^*.J*32! 
tion  of  water,  no  fluid  appears  to  enter  fo  largely  into  the  com-   .     ; 
pofition  of  the  animal  body.     It  forms  a  very  conflderable  pro- 
portion of  the  Uood,  and  is  found  in  greater  or  lefs  quantity 
in  nearly  all  the  fecretions.     It  is  alfo  capable  of  afltiming  the 
folid  form^  without  undergoing  any  change  in  its  chemical  ' 

properties;  in  this  Hate  it  conflitutes  the  bails  of  all  the  meiii«> 
branous  fubAances,  which  are  fo  extenfively  difperfed  through 
every  part  of  the  fyflem ;  it  compofes  the  cellular  tiflTue  into 
which  the  eartli  of  the  bones,  and  the  fibrous  matter  of  the 
Bufcles  are  depoiited,  while  it  enters  largely  into  the  flruo- 
ture  of  thefkin,  the  glands  and  the  veflels.  At«prefent,  how- 
ever, we  (hall  diredl  our  attention  to  it  while  in  the  liquid 
form. 

P  Even  Mr.  Ahem^thy^  in  his  late  valuable  work  on  tumors, 
fpeaks  of  the  gelatinous  part  of  the  blood,  where  I  conceive  from 
the  context,  there  can  be  no  doubt  that  he  intended  todefignate  the 
fibrine. 

f  All  the  animal  fluids,  both  primary  ancl  compound,  are  merely 
foluticns  of  a  folid  body  in  water:  but  thpfe  fubftances  which  are 
mod  frequently  feen  in  a  ftate  of  folution,  havie  very  genehilly  oh* 
gained  the  title  of  fluids. 

In 
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lil^ft  <nntcnt-        In  Order  lo  obtain  it  in  a  (late  of  purity,  I  had  recouife 
f""*^""'?     *''^ '*'■''*  "''he  ogg,  a  fu  b  (lance  to  which  the  name  of  si  bu- 
^,  '    men  was  origindlly  applit^il,  and  which  is  Dill  conlidercd  by  ' 

(he  mofi  eminent  chemins  *  At  coinpofed  entirely  of  ibts  Tub*  * 
ilnnce.     In  order  lo  alccrlain  how  far  iliis  opinion  was  corre^ 
I  kept  a  quantity  ui   itic  white  ol  the  egg  in  a  temperaluie  of 
£12'',  uotil  it  wa«  firnily  coagulaled.     It  was  then  cut  into  ' 
fmall  pieces  and  pUced  >n  ibe  upper  part  of  a  narrow-necked  ' 
funnel,  (vhon  a  few  ..ro.is  of  a  bro^nifh  vifcid  fluid  werejo.  " 
paraled  from  >L     Oilier  pieces  of  tlii:  fame  coaK"'"")  wera 
kept  lior  forae  liaie  in  boilmg  water,  the  fluid  betnjj  ttien  palTe^ 
UtroutEh  a  liltie,  bad  acquired  a  iighl  brawnith  colour,  and  • 
faint  uduur;   wiien  a,;ilat«d  it  was  tlightly  oiucilaginouf,     Sf' 
Wbiaof*n1<  flow  evu  [HI  rill  ION,  a  finall  quantity  at  a  brittle,  tenii-tranfpareii^a 
'w«P"«ijbu-^^(-yjiJ(^P^.p^jjj  ^ijj^ijiijj_     It  appeared  iherefctc  evident,  Iha^' 
■  litiL:  of  miturlbe  wIxIa:  yf  tJie  egfc  CMilain"  a  fmall  cjuantity  of  a  fubdaDc** 
not  co.E<>I'«>l<'-    incapable  of  coagiiladon.    anil  tl«;r«fore  effeniially  differeo*' 
from   albumen,      I   fiill,  however,  amliiiued   to  employ  it  fof 
llie   purpuk  of  ai<.ciiaining  the  propetlie^t  of  albumen,  ai  it' 
aJfnnts  (hit  fitfaffance  in  a  Hate  nf  greater  purity  ikan  it  caa  bs' 
<^ained  from  any  other  foutce. 
White  of  cgE        1>  <*Bt  an  objed  of  tome  importance  to  afoerlain  tlie  pra* ' 
conwini  80  iijru  portion  which  ihii  foreign  tngreilienl  bore  lo  iheatbtunen  ife'* 
Jnlw'..ib'imtn      f*"^>   100  grainn  of  Jirmly  coagulated   slboraen  were  kept  fist' 
tnii  4,5  W'cn      {otat  time  Jti  boiling  waler,  and  tluk  being  poumi  ofF,  a  trefil'* 
*gii]it  e  mit.ct.  qgjmiiiy  ^^,Js  added,  and  lliis  procefs  repealed  until  the  waU^ 
appeared  to  conlain  no  fartlier  impregnation.     The  whole  «rf^ 
Ihe fluid  was  ihen  evaporated,  and  a  refiduum  was  left  whioll 
amounted  to  +{  grains.     Belidef,  the  admixiure  of  this  peculMT^ 
fubdanoe,   the  while  of  the  egg  conlainsa  conliderablc  quaW. 
<>ty  of  wsief,  not  only  in  its  liquid  Hate,  but  after  it  i>  coagVa 
lated.     By  a  genlle  heal  the  water  may  be  evaporated,  and  ibo 
Tolid  matter  iilefl  behind  in  the  form  of  a  hard,  brilile,  IranC^ 
pareni  fubHaoce;   I  h.ive  iound  that  upon  an  average,  |  of 
recently  coagulated  albiimen  may  be  cunlidered  as  confining 
oT  water.     Hence  it  will  appear,  ihat  100  grains  of  the  wbililj 
oT  egj;  confift  of  ?0  grains  water,  +.5  grains  of  uncoagulalnv 
natter,  and  15.5  grain,  only  of  pure  albumen, 

,,  •ilatthm,  Phil.  Trar>f,  180D,  p.  375, 
I,     Ttonifon'*  Chtaiftry,  IV.  p.  IS*. 
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• 

Thf  mpfk  diftip^uifliing  charadteriHic  of  albumen  U  the  pro^DliVir^iihing 

p^ty  of  beiD?  coagulated  by  heat,  which  forms  an  obvious 5***™^^  ^  ^r 
*rrL'r-r  t>umen  coago*    • 

^4  esLiy  (eQ  of  its  prcfepce,  when  it  exi(^s  in  a  com  pound  laced  by  heat. 

moimal  fluid  in  any  confiderable  proportion.     In  order  to  af- 

ce^tain  l^ow  fipall  a  Quantity  of  a^)umcn  could  by  this  ipeans 

\>^  rendered  vifible,  I  added   13  grains  of  the  \vliilc  of  ihe 

^Kfi  ^^  ^^  grains  of  water,  and  ti)us  forniked  a  folution,  one 

^lain  of  lyhicb  contained  -^  grain  of  pure  albumen.     Five< 

grainy  pf  thjs  foluliqn  \yere  then  added  to  95  grains*  of  ^a^^^JJUf  i^JJSJJ, . 

fo  ^h^l  100  grains  of  water  contained  -^^  grain  only,  or  x^h^ 

of  its  weight  of  pore  albumen.     This  was  expofcd  to  the  heat 

9f  tailing  w^t^r,  and  a  perceptible  opacity  was  produced  in 

ili^  fluid.' 

The  leffed^  of  the  oxymuriate  of  mercury  were  next  tried.  «H>iyinariate*f 

Oae  ^rop  of  »  falurated  folution  of  this  fait,  added  to  100"?*'"7  P'*^* 

•         /     "  .  .  /.  .  .  .        -'I.  wuceiiti 

Pjf\9^.  ^^  water,  containing  f^-^  pf  its  weight  of  albumen, 

Pfpdviced  a  very  evident  inilkinel's;  after  fome  hours  a  curdy. 

preppiti^te  feparated  aiid  fell  to  the  bottom.    ^  folution  of 

hflf  tl^e  ilrcngtb^  containing  only  j^^  of  its  weight  of  albu- 

msn,  iiyas  then  tried  by  the  fame  rc-agcn(,  and  even  in  tiiis 

infiance,  a  fufiiciently  obvious  effcfl  was  produced. 

Th^  nilro-muriate  of  tin  is  a  powerful  coagqlater  of  a1bu—<v  d^n  nitre- 
mep  10  its  unmixed  ftate,  but  I  found  it  not  to  be  fp  delicate"'™*  •^  ^ 
^  ipCt  as  the  oxymuriate  of  mercury.     One  hundred  grains 
•f  jvater,  coMiitajning  j-  grain  of  albumeq,  i.  cr.  yi^  of  its 
weighty  was  not  aiTected  by  this  re-agent  until  after  fume  hours, 
when  the  fluid  exhibited  a  degree  of  miikinefs. 

Ii)  order  to  afcertain  the  efieds  of  tannin  iipop  albtiroeni  I—^nd  tannia. 
nacerated  half  an  ounce  of  poiydered  gall^  in  half  a  pint  of 
Vfter  for  foipe  boors,  and  filtered  the  fluid.  A  deep  brown 
t/anfparen^  liquor  was  produced^  100  grains  of  which  I  found 
by  evaporation  to  contain  2|  grains  of  folid  refiduum.  Equal 
parts  of  this  preparation  of  galls  and  of  a  folution  of  albumen, 
in  (he  proportion  of  one  part  to  1000  parts  of  water,  were 
mixed  together;  at  firft  no  etk6i  could  be  perceived,  but  after 
fome  tinae  an  evident  precipitate  was  formed  and  (lowly  fub« 
iided. 

The  aqua  lithargyri  acetati,  or  extra6t  of  Goulard,  is  an  Goulard  throwt 
adive  precipitant  of  feveral  animal  fluids;  when  dropped  into*^**^*"» 
a  firong  folution  of  albumen,    a   very  copious  and  denfe  pre* 
cipitate  is  immediately  formed. 

It 
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-^bot  doubu  It  Is,  howeyer,  fomewhat  diflScult  to  determine  how  far  this 

^Uy*  efil>6t  depends  upon  tbe  albumen  itfelf,  a&  Goulard  has  been 

confidered  to  be  the  appropriate  tell  of  the  uncongelable  part 
of  the  ferum  of  the  blood,  which,  it  may  be  fuppofed,  refem- 
Aqua  fidurgyri  hies  the  uncoagulable  part  of  the  white  of  the  egg.     The  aqua 
jcettti  plentiful,  iiijjargyj-i    acetati  is  like  wife  decompofed  by  feveral  of  4he 
^  *  faline  bodies  which  are  found  to  exift  in  almoft  all  the  animal 

fluids.  I  have  fometimes  found  it  to  yield  a  precipitate  even 
when  added  to  diftilled  water,  and  in  all  cafes,  after  .expofure 
to  the  atmofphere  for  i.  few  hours,  the  water  to  which  it  has 
been  added  becomes  turbid,  and  is  covered  with  a  thin  filin. 
In  order  to  try  the  effed  of  this  re-agent  on  albumen,  I  added 
one  drop  of  it  to  200  grains  of  water,  and  upon  obferving 
that  the  tranfparency  of  the  fluid  was  not  affe^led,  a  fingle 
drop  of  the  folution  of  albumen,  of  the  fame  flrength  with 
that  mentioned  above,  was  added.  It  formed  a  denfe  prvcH 
pitate  as  it  fell  through  the  fluid,  and  upon  agitatio^,  tbe  whole 
was  rendered  flightly  milky.  In  this  cafe  the  proportion  of 
the  water  to  the  albumen  was  as  10.000  to  1 ;  to  the  oncoft* 
gulable  part  of  the  white  of  the  egg,  it  would  be  about  as 
30,000  10  1. 
Kitrite  of  fiWer  The  next  re-agent  which  I  employed  was  the  nitrate  of  fiU 
«'f'*^**  *  **^*  ver.  A  fingle  grain  of  a  faturated  folution  of  this  fait  pro- 
duced  an  evident  turbidnefs  in  100  grains  of  water,  containing 
•^6  S^*  ^^  albumen,  and  after  fome  hours  a  fmall  quantity  of 
a  curdy  precipitate  fell  to  the  bottom  of  the  veflfel.  It  might, 
however,  be'fufpeded  that  in  this  cafe,  the  eSe€t  produced 
depended  upon  a  quantity  of  muriate  of  foda  contained  in  the 
albumen.  I  found  that  100  grains  of  water,  containing  only 
Yirc.TW  gr.  of  common  fait  was  rendered  evidently  turbid  by 
one  drop  of  the  nitrate  of  filver;  *  but  the  precipitate  which 

*  I  weighed  very  exaflly  a  grain  of  fait,  and  diflblved  it  in  200 
grains  of  water.  One  grain  of  this  folution  was  afterwards  added 
to  99  grains  of  water,'  and  by  repeating  the  operation  for  three  Aic- 
ceiTive  times,  I  obtained  100  grains  of  water,  containing  only 
^^*-^^  of  its  weight  of  fait.  I  then  took  99  grains  of  di(Ulled 
water,  and  poitred  into  it  one  drop  of  the  nitrate  of  filver:  after 
waiting  for  fome  time,  until  I  was  fatisfied  that  no  efFe6l  would 
take  place,  I  added  a  iingle  drop  cf  the  lad  folution  of  fait,  thus 
making  it  -yg^.V^^  P**"*  o^  ^hc  mixture ;  a  faint  but  perceptible 

opacity  was  almoft  immediately  produccdt 

. 
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is  formed  by  the  nitrate  of  (ilver  acting  on  the  muriate  of  fodn 
%%  in  the  form  of  a  greyifh  powder,  and  fubiides  more  rapidly 
than  it  did  in  the  former  inftance^  where  it  produced  a  white^ 
^aky  precipitate. 

I  found  that  a  folution  of  albumen  of  the  fame  ftrenffth  with     •ndnTtwH 
that  employed  in  the  laft  experiment,  was  immediately  decom-  "^ 

pofed  by  the  nitro-muriate  of  gold.  One  drop  of  this  metal- 
lic folution  inftantly  produced  a  denfe  white  precipitate  in  100 
drops  of.  water,  containing  only  ^^  of  a  grain  of  albumen. 

Albumen  in  a  concentrated  ftate  is  powerfully  coagulated  -^^mj^  ^«"»« 
by  alum  ;  I  found  however,  that  Ibis  re-agent  is  not  fo  accn- 
rate  a  ted  of  its  prefence  when  in  a  diluted  Aate,  as  fome  of 
thofe  which  I  had  already  employed :  •}  grain  of  albumen, 
diflblved  in  100  grains  of  water^  was  indeed  rendered  (lightly 
tfirbid  by  the  addition  of  a  few  drops  of  a  faturated  folution  of 
•lam,  but  no  precipitate  was  formed. 

Before  I  conclude  my  account  of  thefe  experiments  I  muH  Qbf.  on  tlie 
obferve,  that  the  ftrength  of  the  folution  of  albumen  was  in  '»»^*»on Qf  **« 
all  cafes  rather  lefs  than  my  eftimate.  When  I  added  the  al* 
bumentothe  water,  a  fmall  portion  of  it  always  remained  io* 
foluble,  and  this  was  feparated  from  the  fluid  by  filtration  be- 
fore the  experiments  were  performed.  This  infoluble  part  I 
fuppofed  to  confift  of  the  membranous  matter,  with  which  it 
it  faid  that  the  white  of  the  egg  is  interfered.  The  quantity 
was  indeed  almoft  too  fmall  to  be  appreciated,  but  where  it  is 
defirable  to  attain  as  much  accuracy  as  pollible,  I  think  it  ne- 
cefTary  to  mention  every  circuroflance  which  may  in  the  fmalleQ 
degree  affe6l  the  refult. 

The  experiments  related  above  will,  I  conceive,  indicate  Remarks.    ' 
with  a  fufficient  degree  of  accuracy,  the  prefence  of  albumen  hc!iti$^'*ood 
as  a  condituent  of  an  animal  fluid.     The  property  of  being didinAive  cfa 
coagulated  by  heat  is  a  charadleriftic  of  this  fubflance,  which  "^"  ^^  *^ 
will  always  ferve  as  a  mark  of  difcrimination,  and  we  have 
found  that  this  property  is  notdeilroyed  by  dilution  with  1000 
times  its  weight  of  water.     This  therefore  may  be  confidered 
as  a  tefl  of  its  prelence  minute  enough  for  all  pra6tical  pur- 
pbfes.     We  have  alfo  found  that  there  are  feverai  re.agentt 
which  poflTefs  the  power  of  precipitating  it  from  its  folution  in 
water,  while  exifling  only  in  the  fame  proportion.     It  will  be 
nccclTary,  however,  to  obferve  their  operation  upon  the  other 
animal  fubdances  before  we  can  determine  their  ufe  in  the 
analyfis  or  compound  fluids. 
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Jelly. 

JeTly'    h  it  1u      The  next  fubftance  which  I  prpp^fe  to  examine  is  j^ly. 
^}^nmn^^  The  peculiar  charaaeriflic  of  this  body  is  its  prfipeftjf  of  be* 
cMCRtt  by  oMs  coaling  concrete  by  coldj  ^nd  being  liquified  by  ihts  s^Uca- 
atfi4  it « \v%t      tion  of  a  gentle  heat.     It  enters  i^to  the  CQOipQ&iiqii  of  ihp 
iTaDimjas.        blood.  Chough  left  largely  than  the  albqineo.     It  is  aUb  ffi  iii- 
gredient  in  the  (kio»  meinbraooas  texlure,  ligaqi^Ats,  carti- 
lages and  tendons.     By  boiling  it  is  eafily  extraded  firom  ^fe 
(ul^Qnces»  and  by  evaporation  and  cooling  the  whole  it  re- 
duced to  a  mafs  of  greater  or  lefs  folidjty,  ia  proportion  to  ibe 
previous  degree  of  concentration.   By  a  procefs  of  this  natnre, 
iiini^lafii  is  prepared  from  the  bones  and  cartilages  of  fiftii  as 
thii:  l'ut>ftance  has  been  confidered  to  confift  of  jelly  nearly  in  a 
r^le  of  purity,  I  employed  it  for  the  following  experiments. 
Obtained  bv  the     ^^^^  grains  of  ifinglafs  were  diflfolved  in  200  grains  of 
l^utiuo  of  ifin.  water,  and  thus  a  ftaadard  fluid  was  fornied*  one  grain  of 
^thpirtin  '     which  contained  y^  gr.  of  jelly.    This  foludon  became  per- 
W2ter  will  coagu-  fe^ly  concrete  by  cooling.    In  the  firft  place  I  wifhed  to  afr 
certain  how  fmall  a  proportion  of  jelly  diQblyed  in  water  was 
.  capable  of  aflbming  the  concrete  ftale.    Equal  parts  of  Ibe 
ftandi^rd  daid  and  Of  water,  t.  e,  one  part  of  jelly  to  100 
ports  of  water,  produced  a  compound  whicj)  was  completely 
iiifiened  by  cooling;  but  I  found  that  two  parts  of  water  to 
one  of  the  fiandard,  if.  e.  one  part  of  jelly  to  150  parts  of 
wa(er»  produced  a  compound,  which  (hough  evidently  gela- 
tinous, did  npt  aflume  the  concrete  form. 
It  h  laWely  One  of  the  mod  adive  precipilants  of  jelly  is  the  tanning 

pitcipit^tta  hy  principle.  I  found  that  a  mixture  of  5  grains  of  the  iiandard 
iblution  and  9d  of  water,  produced  a  copious  precipitate  when 
added  to  an  equal  quantity  of  an  infufion  of  galls  of  tbe  fame 
flrength  with  that  employed  in  the  fxpcrinicnls  upon  albumen. 
In  this  inftance  the  jelly  was  to  (he  water  ast  I  to  1000.  I  af- 
terwards reduced  the  quantity  of  jelly  until  it  compofed  'j^^ 
part  only  of  the  folution,  and  in  this  cafe  a  contiderable  pre<> 
cipitate  was  dill  produced  by  the  infufion  of  galls. 
—but  rot  by  A  quantity  of  the  ftandard  folution  had  a  few  drops  of  the 

"'1'  ^'^^*  ^^^^  aqua  liihargyri  acetati  added  to  it^  but  no  more  efft^d  appeared 
lo  be  produced  than  would  have  cnfued  from  mixing  it  with  an 
equal  quantity  of  pure  water. 

2  No 
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Ko  eBe&  wat  pcoduced  by  adding  the  Q^cyipuriaia  of  iper-  — nor  by  oi.  «• 
C«ry  to  the  ftaodard  folution.     The  nilrale  of  fi!?er  and  ^*»c^^-»*«- 
nilxcMDuriate  of  tin  were  each  employed,  and  produced  a  very  nuof  d«« 
(lij^t  and  almoft  inxpercepiible  opacity. 

The.  Kidition  of  the  nitro-muriate  of  gold  caafed  a  fmali  N*  ai*  «f.0i)A 
qowUii;  of  a  denfe  precipitate  when  added  to  the  ftandard  fo-  ^^  9*^^* 
iatioa;  bat  when  this  was  fo  far  diluted  ar  to  contaip  one  grai« 
ot  j/fU)  in  500  of  water,  the  effed  wu  no  longer  pefceptible* 

Mucuu 

Animal  mocus  or  mucilage  enters  largely  into  the  conftitu- Mucus;  a  tcml 
tioD  of  many  parts  of  the  body,  and  forms  a  cohfiderable  pro-  ^^Jj  *^  J[b. 
|K>rtioii  of  feveral  of  the  feeretions.  The  term  mucus  had  miftt. 
been  generally  employed  in  a  vague  and  unreftrided  fenfe, 
until  Mr.  Hatchet,  in  his  valuable  paper  on  the  membranous 
parts  of  animals,  inferted  in  the  Phil.  Tranf.  for  1800,  at- 
tempted  to  aiCgn  to  it  a  more  appropriate  and  definite  mean- 
ing. He  conceives  that  jelly  and  mucus  are  only  modifications 
of  the  fame  fubflance,  and  do  not  eflbntially  differ  firom  each 
other;  he  confiders  it  to  be  entitled  to  the  appellation  of 
mucusy  when  it  is  foluble  in  cold  water  and  cannot  be  brought 
to  the  gelatinous  Hate  *.  Dr.  Thorn fon  adopts  in  general  the 
idea  of  Mr.  Hatchett,  and  lays  down  the  following  as  the 
charadteriftic  properties  of  animal  mucilage.  It  is  foluble  in 
cold  water,  Infoluble  in  alcohol,  neither  coagulable  by  heat 
nor  generating  into  a  jelly,  precipitable  by  tan  ai^l  the  nitro- 
mariate  of  tin  f.  I  have  been  induced  from  the  refults  of  my 
obfervadons,  to  form  a  different  opinion  refpeCHng  the  relation 
of  jelly  and  mucus,  but  I  (liall  defer  the  (latement  of  it  until 
I  have  related  the  experiments  which  have  led  me  to  diOTcnt 
from  fuch  high  authority. 

By  agitating  for  a  (hort  time  fome  recent  faliva  in  cold  Mocas  oUuiieA 
water,  part  of  it  was  diifolved,  and  after  being  patTed  through  ^■'^***'** 
a  filter,  was  made  the  fubjedt  of  experiment,  being,  2|s   I 
conceived,  a  folution  of  nearly  pure  mucus,    ^y  a  careful 
evaporation  I  found  that  the  water  had  dlflblved  ^iv  P^^"^  ^^ 
hi  weight. 

♦  Hatchett,  Phil.TranC  1800.  369  9nd381. 
t  Thomfon,  IV.  M9. 
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ZflTeft  of  re-  No  effe&.  was  produced  by  the  addition  of  (he  oxymnrta(a 

agents.  No  co-  q£  naercury,  and  the  nitro^mariate  of  tin  caofed  only  a  fliirht 
aguiation  by  .  '  •••  -i.. 

moderate  heat  opaaty.  No  effect  was  produced  by  the  addition  of  equal 
nor  did  it  gelati-  ^^^5  q(  jIjJs  folution  and  the  infulion  of  galls.  The  aqua  Ii« 
'^^  ^  thargyri    acetati  added  to  the  folution  produced  an  immedi- 

ate opacity,  and  after  fome  time  a  white,  fleaky  precipitate 
fell' to  the  bottom  of  the  glaf<!.  No  appearance  of  coagalation 
was  produced  by  expofing  the  fluid  for  fome  time  to  the  heat 
of  boiling  water,  nor  was  there  any  tendency  to  gelatinize  by 
evaporating  and  afterwards  cooling  the  fluid. 
^ucu3  fiom  aq  I  afterwards  endeavoured  to  obtain  mucus  in  a  (late  of  pa« 
oyrtcr.  j.jjy  |j.^ijj  another  fource.     For  this  purpofe  an  oyftcr  was  agir 

tated  for  a  few  minutes  in  cold  water ;  the  fluid  was  filtered 
and  appeared  ilighlly  opake  and  glutinous. 

By  evaporation  it  appeared  that  it  had  difTulved  aboot  -f^  of 
its  weight  of  animal  matter.    A  quantity  of  this  folution.  du 
luted  with  an  equal  bulk  of  water,  wsfs  employed  in  the  fol- 
lowing experiments. 
Reagents.  ^^^  oxymuriate  of  mercury  being  added  to  it  produced  bo 

effefl.     The  infuGon  of  galls  after  fome  time  produced  a  flight 
degree  of  turbidnefs,  and  at  length  a  precipitate  was  formed 
in  fmall  quantity.      The  aqua  lithargyri  acetati  caufed  an 
immediate  opacity,  and  after  fome  time  a  denfe  precipitate. 
The  Goulard  ?n-     Thefe  experiments  nearly  coincide  with  the  former.     la 
fcow* '"  ^'*'    ^^^^  ^*^®^  "®  efTedt  was  produced  by  the  oxymuriatp  of  mer- 
cury, thus  proving  the  abfence  of  albumen.     The  fmall  pre- 
cipitate caufed  by  the  galls  indicate  the  exiftence  of  only  a 
very  minute  quantity  of  jelly.     The  cffedt  was  fcarcely  as 
great  in  this  inftance,  where  the  animal  matter  compofed  -^iv 
part  of  the  weight  of  the  folution,  as  was  produced  by  the 
fame  reagent  upon  a  folution  of  jelly»  where  it  compofed  only 
T^W  P^f^  o^  ^^^^  weight  of  the  fluid.     Very  nearly  the  whole 
therefore  of  the  animal  matter  probably  confified  of  macof^ 
the  prefence  of  which  was  indicated  by  the  Goulard.  . 
Exclufive  tefis;      I  apprehend  that  thefe  experiments  will  be  deemed  fufl^« 
r?  Iitfi.^*i«t.     ^^®"^  ^°  eftablifh  a  decided  and  efTential  difference  betwe^ 
fur  mucus,  ox.   mucus  and  jelly,  independent  of  the  gelatinizing  property  of 
m.  of  mere,  for  j|^^  falter,  the  effects  produced  upon  them  by  the  tanning  prin- 
ciple and  by  the  aqua  lithargyri  acetati  are  exaAly  opj!>ofite. 
Tan  is  a  moll  delicale  teft  of  jelly,  but  docs  not  in  any  degree 
affed  mucus.    Aqua  lithargyri  acetati  is  a  delicate  tefi  of  rau- 
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Cast  but  does  not  in  any  degree  affefl  jelly.  The  oxymuriate 
cf .  mercttry*  on  the  contrary^  which  is  one  of  the  moil  acca* 
late  cefls  of  albumen*  does  not  appear  to  be  afieded  either  by 
jdlj  or  by  roacus. 

Albamen,  jelly,  and  mucus«  I  am  inclined  to  confider  as  TheCe  t^  the 
the  only  primary  fluids  which  are  difperfed  through  the  differ- P^^^jyjJJ^  8c- 
cnt  parts  of  the  body.  Particular  veffels  or  glands  contain 
andfecrete  particular  fkiidx,  which  cannot  be  refolved  into 
other  fluids  without  decompofition,  as  the  fibrine  of  the  blood, 
the  refin  of  the  bile,  the  ur^e  of  the  kidney,  5cc.  but  thefe 
are  in  all  inftapces  confined  to  their  appropriate  organs,  and 
do  not  iiecefl*arily  enter  into  the  prefent  invefligation. 

From  the  above  experiments  I  think  we  may  be  entitled  to  Refumptron. 
by  down,  with  a  conficlerable  degree  of  accuracy,  the  leading  Albumen  it 
charaderifiics  of  the  three  primary  animal  fluids,  and  to  efla- coagulability,  and 
Uifli.tefts  by  which  their  prefence  may  be  minutely  afcertained.  P^ecip.  by  ox. 
The  moft  remarkable  property  of  albumen  is  its  becoming 
coagulated  by  heat,  a  property  which  it  retains  fo  far  as  to 
f^ommanicate  a  degree  of  opacity  to  its  folution  in  water,  when 
it  forms  only  tAv  P^^^  ^  ^^^  weight.    A  folution  of  the  fame 
firength  has  its  albumen  precipitated  by  the  oxymuriate  of  mer- 
curyy  and  this  ted  will  indicate  its  prefence  when  compofing 
DO  more  than  xvcjs  ^^  ^^'^  mixture.     The  tanning  principle, 
the  aqua  lithargyri  acetati,  the  nitrate  of  fllver,  and  the  nitro- 
muriaie  of  gold,  are  all  tefls  of  the  prefence  of  albumen 
pearly  as  minute  as  the  oxymuriate  of  mercury,  but  they  are 
kfs  valuable,  becaufe  their  effedlsare  not  confined  to  albumen. 
The  nitro-muriate  of  tin  and  alum  are  alfo  precipitants  of  al- 
bomeii,  but  they  are  lefs  delicate  in  their  operation  than  the 
reagents  enumerated  above. 

The  peculiar  charadleriflic  of  jelly  is  its  property  of  be-  jdly  U  known 

coming  concrete  by  cold,  and  being  again  rendered  fluid  by  a  °y^^  concretioo 
,     .      ,  ,  r        •   .1       .      r  1     •       «  .on  cooling  an4 

gentle  beat :  we  have  found  that  Us  folution  m  water  retams  j^,  precip.  by 
this  property  when  it  compofes  y^  part  only  of  the  weight  of^^^. 
the  fluid.  Tan  is  a  flill  more  minute  tefl  of  jelly  than  of  albu- 
men^ but  jelly  is  not  in  the  leafl  degree  affedted  by  the  oxy- 
muriate of  mercury,  and  may  thus  in  all  cafes  be  eaflly  diflin- 
guiflied  from  it.  No  etfed  is  produced  in  jelly  by  Goulard, 
and  fcarcely  any  by  tlic  nitrate  of  (liver,  and  the  nilro-muriate 
J>f  tin,  when  it  is  in  a  ilate  of  fuch  dilution.  By  means  of 
tan,  jelly  may  be  eafily  dete^cd  in  a  fluid  of  which  it  forms 

^n^y  lo'^  part. 
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Mucu!  ii  ntft-  TT""  pfftp^trte*  of  (nucu«  are  primripally  ncgaliT*;  ft  it 
livciuih*  coaEulabiehj  liCai,  nor  tapaUe  of  b«:omtng  gdatrnim);  il 
riawi"  bit  p"-  '*  '""  prCripSlable  ealier  bj  tbe  OKvmurulc  of  raerfofjor  fc) 
cip,  byiq.Uih.  laii,  bul  it  niaj-  be  ilelL'ded  willi  conlidernble  minuii-neft  bj 
"*'*  Ide  flf[Oa  rilhargjfi  acelali. 

CiherttAM  It  appears  therefore  that  ilie  oxynmfia'.e  of  meiTury,  tiii, 

and  Iheaqua  litliargyriacelali  are  tlie  three  mofl  valuable  left*. 
The  nijro-muriate  of  lit)  i«>  left  delicate  tcftof  albutnen  Itaft 
the  oxytnuriate  ot  netcury,  and  i^  alfo  id  Tome  degree  afftflM 
by  jeliy.  The  nitrate  of  (iker  3]>|)ears  lo  be  a  very  rice  Wr 
of  albumen,  bul  il  H  objectionable  in  conre(}uence  of  ill  being 
deiiompofed  by  the  muriate  o(  foda,  a  fall  which  Ii  foppofeif 
to  cxifl  in  mod  of  the  animal  Quid!;.  The  trilro.Tniiriai«  of 
gold  is  a  ilelrcaie  left  of  albumen,  but  il  Iikei^ifu  precipitaiet 
jelly. 
Ord(r  ef  aoalr-  In  Ihe  anal) (ii of  a  lluid  which  is  fuppofcd  to  contain  cither 
^•*  albumen,  jeHy,  or  mucus,  ihe  h'rfl  liep  is  lo  obferve  ibe  dfta 

of  the  miymurialeof  mercury;  if  Ihijp.o\iu<;C  no  preCipKaie, 
we  may  be  certain  thai  ihe  fluid  in  quertion  cotilains  no  ttbu- 
iiicn.  We  mud  next  employ  the  infulion  of  ^1%  B'd  if  Ihtt 
olfo  caiife  no  precipitate,  vi-c  may  conclude  that  the  BSirnal 
mader  held  in  folulion  confifls  of  mucus  alone. 
JtEnark.  1  Iiav-e  berore  remarked,  ihal  llie  ideas  whrdi  t  have  formed 

of  llie  nalure  of  jelly  and  mucus,  and  Ihe  relation  which  ihefe 
fiibltaiices  bear  to  each  oilier,  differ  materially  from  ihofe  of 
Kir,  Hatchell.  Il  is  nol  indeed  wilhoul  adegrecof  dilbdeiic« 
thai  I  dilTenl  from  fo  dillinj;ui(hed  a  themifl;  bul  I  Conceive 
|liat  1  am  juflilied  bv  ihc  experimenls  related  in  this  elTay. — 
Mr.  UalchctI,  in  the  valuable  paper  lo  which  I  have  already 
referred,  fpcalcs  of  the  while  of  ihe  egg  as  confiding  of  pure 
albumen;  bul  1  believe  that  in  ihrs  particular  )ie  will  be  found 
11  perieclly  accurate. 
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ngly  refcmble  each  other  alfo  in  their  chemical  qualitic". 
A  Iblulioii  uf  gum  arable,  containing  one  grain  of  gum  to  200 
gtauis  of  water,  was  not  alTc^cd  eilher  by  ibe  oxymuriate  of 
mercury  or  by  Ian,  "Wilh  ihe  nitro-mariale  of  tin  and  with  Ihe 
nitrate  of  (ilvcr  there  was  only  a  flight  degree  of  opacity,  M 
n-iih  llie  aqua  lilhargyri  acgUti  ihcic  nas  a  Junfe  prccipK 
inAantly  formed. 
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V. 

QnfmtfcfAar  Motion.  By  Authony  Carlisle,  E/h.  F,  R.  S* 
being  the  Croonian  Lecture,  read  btfore  the  Ro^  Socittjf, 
Novembers^  ISOV^ 

^Concluded  from  Page  201.) 

'I  li£  lofs  of  fholion  and  fenration  froin  the  influence  of  low  ColJ  deftrof» 
ieinperature,  accompany  each  olhe^  and  the  capillaries  of  i lie  j^nfjli^^.*"^ 
filcblar  tydem  appear  to  become  contra6ted  by  tTie  lofs  of 
iiiidDitl  heat«  iis  in  the  examples  of  numbnefs  from  cold. 
WKefter  'thie  ceilation'*of  mufcular  a6lioh  be  owing  to  the  im* 
^ieded  influence  oF  the  nerves,  or  to  the  lowered  temperature 
6f  (he  mulcies  Yhemfelves,  is  doubtful ;  but  the  known  influ- 
ence of  cold  upon  the  fenforial  fyftem,  rather  &vour's  the  fup- 
pofiiion  (bat  a  certain  temperature  is  heceffary  for  the  tranl^ 
inilEon  of  nervous  influence!  as  well  as  fenfation. 

^!7ie  bybemating  ahiinals  require  a  ToAger  time  in  drowning  Hybernating 
than  oAiers.    A  Tall  gix)wh  bedge-hog  was  fubmerfed  in  water  i°'™'*  "^/*" 
at  48^»  and  firmly  retained  there ;  air-bubbles  began  inflantly  £x|>ertinent  with 
to  alcend,  and  continued  during  four  minutes ;  tlie  animal  was  ^  iiedg^bufr 
hot  yet  anxious  for  its  liberty.     After  feveh  mmutes  it  began 
'to look  aboiit)  attempting  to  efcape;  at  ten  minutes  it  rolled 
itlelf  up,  only  protruding  the  fnout,  which  was  haftily  re- 
flra^ed  on  being  touched  with  (he'flngery  iand  even  the  approach 
of  (he  finger  caufed  it  to  refrad.     After  fifteen  minutes  com- 
plete fubmerfion,  the  animal  (101  remained  rolled  up,  and 
withdrew  its  nofe  on  being  touched.     After  remaining  thirty 
minutes  under  wateri  the  animal  was  laid  upon  flannel,  in  an 
atmofpli'ere  of  62^,  with  its  head  inclined  downwards;  it  foon 
began  to  relax  the  fphinfter  mufcle  which  contrads  the  (kin, 
IDow  refpirations  commenced,  and  it  recovered  entirely^  without 
artiRcial  aid,  after  two  hours.     Another  hedge-hog  fubmerfed 
in  water  at  94-^,  remained  quiet  until  after  five  minutes;  about 
(be  eighth  minute  it  ftretched  itfelf  out,  and  expired  at  the* 
tenth.     It  remained  relaxed,  and  extended,  after  the  cefla(ioi> 
of  the  vital  fun^iohs;  and  its  muCcles  were  relaxed,  contrary 
to  tbofe  of  the  animal  drowned  in  (he  colder  water. 

^he  irritability  of  the  heart  is  infeparably  conne^ed  with  Connrftlon  of 
VefpLration.    Whenever  the  inhaled  gas  differs  in  iis  properties  l^'fl^ji^^^"^^^^^^ 
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Diftribntinn  of 
beat  by  the 
Mood. 


Coagulitlon  of 
that  fluid. 


from  the  common  atmofphere,  the  mufcular  and  feniible  parti 
of  the  f)  Rem  exhibit  the  change :  the  adlions  of  the  heart  are 
altered  or  fufpended,  and  the  whole  mufcular  and  (enforial 
fyQcms  partake  of  the  diforder :  the  temperature  of  animals, 
a«  before  intimated,  feems  altogether  dependant  on  the  refpu 
ratory  fundlIons»  although  it  flill  remains  uncertain  in  what 
manner  this  i;;  effedted. 

The  blood  appears  to  be  the  nfiedium  of  conveying  heat  (a 
the  different  parts  of  the  body ;  and  the  changes  of  animal 
temperature  in  the  fame  individual  at  various  times,  or  in  its 
fevera!  parts,  are  always  connefled  with  the  degree  of  rapidity 
of  the  circulation.  It  is  no  very  wide  (Iretch  of  phyfiological 
dedudion  to  infer,  that  this  increafed  temperature  is  produced 
by  the  more  frequent  expofure  of  the  mafs  of  blood  to  the 
refpiratory  influence,  and  the  (hort  time  allowed  in  each  circuit 
for  the  lofs  of  the  acquired  heat. 

The  blood  of  an  animal  is  ufually  coagulated  immediately 
after  death,  and  the  mufcles  are  contrafled ;  but,  in  fome  pe-^ 
culiar  modes  of  death,  neither  the  one,  nor  the  other  of  the(e 
effedls  are  produced :  with  fuch  exceptions^  the  two  pheDomena 
are  concomitant. 

A  preternatural  incrcafu  of  animal  heat  delays  the  coagu- 
bft  cMguIation    jj^^jq^  of  the  blood,  and  the  lad  conlraftions  of  the  mufcles : 

and  the  contrac*   ,     _  ^.  •     •,       i-r  «    r  » 

thefe  contractions  gradually  difappear,  before  any  changes 
from  putrefa61ion  arc  manifedcd;  but  the  cup  in  the  coagulum 
of  bluod  does  not  relax  in  the  fame  manner ;  hence  it  may  be 
inferred,  that  the  final  contra6lion  of  mufcles  is  not  the  coagu- 
lation of  the  blood  contained  in  them;  neither  is  it  a  change  in 
the  reticular  membrane,  nor  in  the  blood- vcflfels,  becaufe  fuch 
conlraflions  are  not  general  throughout  thofe  fub (lances.  The 
coagulation  of  the  blood  is  a  certain  criterion  of  death.  The 
reiterated  vilitations  of  blood  arc  not  eJential  to  mufcular 
irritability,  becaufe  tlie  limbs  of  animals,  fcparated  from  the 
body,  continue  for  a  long  time  afterwards  capable  of  contrac- 
t-ions, and  relaxations. 

Tlie  confiituent  elementary  materials  of  which  the  peculiar 
combinaiions  of  animal  and  vcgelable  fubfiances  condd,  are  not  feparable  by 

living  maticr  arc  •         •      i  /r-       i  •  i  -    n  •     •      r     i 

tranficnt,  and     2^ny  chcmical  procelles  hitherto  inftituted,  in  fuch  manner  as 

not  renewable,    to  allow  of  a  recombination  into  their  former  ftate.    The  cera- 

pofition  of  thcfe  fubflances  appears  to  be  naturally  of  tranfient 

duration^  and  the  attradtions  of  the  elementary  materials  which 

form 
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Iota  ibe  £wr-<  rubfi3iice%  areX»  luore  anij  unleilied,  tlul  liiey 
are  all  ilecomfinreJ  widioul  (he  inlerverttionof  anjagenl,  nieruLy 
by  ihe  (ijjcraliuD  uF  Ukeir  owi)  elementary  p3iU  ou  »rli  nlher. 

An  eKtcnCve  OilcufKon  uf  llie  cliemical  praperlies  allacliir^  DlflRcultlei  m- 
lo  ihe  mailer  of  mufde  would  be  a  labour  uiifdiled  lo  ihw  "ji"^ff,^7™ 
OCcafioD;  I  fhauld  nol.  however,  difcliarge  ray  prefeDt  dul),  tbdc  objefU. 
if  !  omitlett  lo  fay.  ihat  all  hch  invelll^ations  can  only  be 
proiiuble  wbisn  etfefled  by  fimple  prncefles.  and  when  maile 
upon  the  raw  materiaU  of  the  aiiimal  fabric,  fuch,  perhaps  ai 
llie  olbuiDen  ofeggi,  and  ibe  blood.  Bui,  until  by  rynihcticol 
expeiimenis  llie  peculiar  fubHancet  of  animals  are  compofeii 
flam  wh«l  are  conlidered  to  be  elc me nUry.  material),  or  Uie 
change*  of  organic  fccrciioo  imilaledb)  art,  it  cannot  be  hoped 
that  any  dclenninale  knowledge  (Itiuld  be  eftabliUled  upon 
which  ibo  phyfiology  of  mufcles  may  be  explained.  Such 
refearclie;  and  iuveHiKaticiiis  promift.*,  however,  the  mod  pro- 
Ijabl*:  ullimate  fucceft,  lincc  [he  pheiiomtitia  arc  nearc(t  allied 
to  ibofe  uf  cbeniDry,  and  fince  all  oilier  hypulhefes  have,  id 
their  turns,  proveJ  unfalisfadory. 

AAi  tfid  ExpeiimmU  irndJni;  lo  fapport  und  iUnJlraU  tht  pn^ 
ceding  Argument, 
Ad  emaciated  horfe  was  killed  by  dividing  the  medulla  fpi-  Tcmp<ntare  of 
taii%,  and  the  large  blood-vclTtls  under  the  firft  bone  of  the  flui|"""ife(. 
fierntint.  cnt  mimili. 

The  temporalure  of  the  flowing  blood  was  lOS*"  '^'"  '""'** 

Spleen  -  -  lOi 
Stomach  •  -  101 
Colon  •  -  93 
Bladder  of  urine  97 
Almofphere  -  30. 
Threcplgt,  killml  by  a  blow  on  ihi.'  head,  and  by  the  imme-  Pigii  1 

(Jiatediviiuiuoi'lhe  largearterteiaud  veins,  entering  the  middle 
of  the  balis  of  ihe  heart,  liad  Ibe  blood  flowing  Irom  liiefe 
vclTtiU  of  106,  lOtif,  «nd  JuT")  the  &lmofpheric  tcnpcrature 
Jwingataf. 

An  OK,  killed  in  a  tlmilar  manner,  ihc  blood  lud;  atmc  An  m. 
I  j^iWe  50**. 

'[Utev  fhecp,  killed  by  dividing  the  carotid  arleriet,  and  Shut- 
inUrnal  jugular  veins:   their  bluod   10^,    105,    lOap;   a[> 
wTpherc  il". 
Vol.  XI.— ADGt-sT,  1805  .S  Three 
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'  Froff,  Three  frogs,  kept«for  many  days  in  an  equable  almorpbere 

at  54« ;  their  ftomachs  62.* 
'Fluid  of  dropfy.      The  watery  fluid  KTuing  from  a  perfon  tapped  for  dropfy 

of  the  belly  101^ :  the  atmofphere  being  4S^,  and  the  tem- 
perature of  the  fuperficies  of  the  body  at  96^. 

Tliefe  temperatures  are  confiderably  higher  than  the  com- 
mon eflimation. 
Bxperimeot  to         A  man's  arm  being  introduced  within  a  glafs  cylinder,  it 

Aew  that  the     ^^^  j^j    ^\q(^^  ^^  ^h^  end  which  embraced  the  head  of  the 
▼olumes  of  ,  •'  ,  o  • 

mufdes  ar«  in-   humerus ;  the  vefTel  bemg  inverted,  water  at  97 ^^  was  poured 

created  during     jn^  fo  as  to  fill  it.    A  ground  brafs  plate  clofed  the  lower 
aperture,  and  a  barometer  tube  communicated  with  the  water 
at  the  bottom  of  the  cylinder.     This  apparatus  including  the 
arm,  was  again  inverted,  fo  that  the  barometer  tube  became  a 
gage,  and  no  air  was  fufllered  to  remain  in  the  apparatus.    On 
the  flightefl  a^ion  with  the  mufcles  of  (he  hand,  or  fore^arm, 
the  Water  afcended  rapidly  in  the  gage,  making  librations  of 
fix  dnd  eight  inches  length  in  the  barometer  tube,  on  each 
contra6lion  and  relaxation  of  the  mufcles. 
Crimping  of  fidi      The  remarkable  effcGts  of  crimping  fi(h  by  immerfion  in 
cannot  be  effcA-  water,  after  the  ufua!  figns  of  life  have  difappeared^  are  worthy 
•f  dtatb.  attention ;  and  whenever  the  rigid  contradions  of  death  have 

not  taken  place,  this  procefs  may  be  pra€tifed  with  fuccefs. 
The  fea  filh  deftined  for  crimping  are  ufually  (truck  on  the 
head  when  caught»  which,  it  is  faid,  protracts  the  term  of  this 
capability ;  and  the  mufcles  which  retain  this  property  longed 
are  thofe  about  the'  head.  Many  tranverfe  fedions  of  the 
mufcles  being  made,  and  the  fifh  immeifed  in  cold  water,  the 
contra6lions  called  crimping  take  place  in  about  five  minutes; 
but,  if  the  mafs  be  large,  it  often  requires  thirty  minutes  to 
complete  the  proCefs. 
£«pcrimcnt.  Two  flounders,  each  weighing  1926  grains,  the  one  being 

Two  filh  were  in  a  flate  for  crimping,  the  other  dead  and  rigid,  were  put  into 
oOhlm  crImpeJ.  ^»<^''  ^^  ^^^  «»ch  being  equally  fcored  with  a  knife.  After 
It  t,ccific  gra-  half  an  hour,  the  crimp<;d  fifli  had  gained  in  w*eight  53  grains, 

^^hm^^^lhll  ^"^  *'*^*  ^^^  ^'^^  ''^^  '^^  ^  g^*»"^-  'T*^^  ^P^^'^^  gf*^'*y  «f  the 
was  incrrafed  by  crimped  fiOi  was  greater  than  that  of  the  dead  fifh,  but  a 

crimping.  quantity  of  air-bubbles  adhered  to  the  furfaces  of  tbe  cfimped 

mufcles,  which  were  rubbed  oflT  before  weighing;  tbls^gas  was 
not  inflammable. 

The 
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The  rpecific  grsivit^  of  the  criiDped  fi(h        -        -     1,105 

of  the  dead  fOh,  afler  an  equal 

immerlion  in  water        -•        1,090. 

So  that  the  accc(Tion  of  water  fpecifically  lighter  than  the 
mufcle  of  fi(h,  did  not  diminiOi  the  (pecific  gravity  of  crimped 
mufcle,  but  the  contrary  :  a  proof  that  condenfation  had  taken 
plmce. 

A  piece  of  cod-fi(li  weighing   twelve  pounds,  gaine^^  in  Other  fuWltncti 
weighty  by  crimping,  two  ounces  avoirdupois;  and  another  ^jKc^dt! 
lefs  vivacious  piece,  of  fifteen  pounds^  gained  one  ounce  and 
half*. 

Tlie  hinder  limb  of  a  frog,  having  the  (kin  Gripped  off,  and 
weighing  7^-n;  grains,  was  immerfed  in  water  at  54^^  and  fuf- 
fered  to  remain  nineteen  hours,  when  it  had  become  rigid,  and 
weighed  100|  grains.  The  fpecific  gravity  of  the  conlraded 
limb  had  increafcd,  as  in  (he  crimped  6fh. 

Six  hundred  and  thirty  grains  weight  of  the  fubfcapulariit 
mufcle  of  a  calf^  which  had  been  killed  two  days  from  the 
lOlh  of  January,  was  immerfed  in  New  River  water  at  45^. 
After  ninety  minutes,  the  mufcle  was  contracted ,  and  weighed 
ID  air  770  grtiins :  it  had  alfo  increafed  in  fpecific  gravity^  but 
the  quantity  of  air-bubbles  formed  in  the  inter fticial  fpacet 
of  the  reticular  membrane  made  it  difficult  to  afcertain  the 
degree. 

Some  of  the  froallefl  fafciculi  of  mufcular  fibres  from  the  fibnli  of 
fame  veal,  which  had  not  been  immerfed  in  water,  were  placed  "",   ^VS^J? 
on  a  glafs  plate,  in  the  field  of  a  powerful  microfcope,  and  water, 
a  drop  of  water  thrown  over  them,  at  the  temperature  of  54^, 
the  atmofphere  in  the  room  being  67^.    They  inftantly  began 
to  contradt,  and  became  tortuous. 

On  confining  the  ends  of  another  fibril  with  little  weights 
of  glafs,  it  contradied  two-thirds  of  its  furmer  length,  by 
Similar  treatment.  The  fame  experiment  was  made  on  the 
mufcular  fibres  of  lamb  and  beef,  twelve  hours  after  the 
animals   had  been  killed,    with  (he  like   refults.     Neither 

*  I  am.informed  that  the  crimping  of  frefh  water  fifhes  requires- 
hard  water,  or  fuch  as  does  not  fuit  the  purpofes  of  wafhing  with 
foap.    This  fa6l  is  fubftantiared  by  the  practice  of  the  London  fifh- 
monger.^,  whofe  experience  has  taught  tliem  to  employ  pump  water^ 
or  what  is  commonly  cr.llcd  hard  water. 

S  2  vinegar. 
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but  not  by  acid  vineg^,  nor  water  faturated  with  muriate  of  foda^  nor  drong 
or  falinc  water,    ardent  fpirit,  nor  olive  oil,  had  any  fuch  cflfed  upon  the  mul- 

Cttlar  fibres. 
Cold  lenders  The  amphibia,  and  coleopterous  infedts,  become  torpid  at 

mufcles  torpid,    3.^0^    ^j  ^^o  ^^^^  ^^^^  ilowly,  and  with  diflBculty ;  and,  at  a 

lower  temperature  their  mufcles  ceafe  to  be  irritable;  The 
mufcles  of  warm-blooded  animals  are  fimilarly  affeded  by 
cold. 
Mufdes  of  frogt  The  hinder  limbs  of  a  frog  were  fkinned  and  expofed  to 
ft«j»^.*^  cold  at  30**,  and  the  mufcles  were  kept  frozen  for  pight  hours, 
but  on  thawing  them,  they  were  perfedlly  irritable. 

The  fame  procefs  was  employed  in  the  temperature  of  20^. 
and  the  nralcjes  kept  frozen  for  twelve  hours,  but  that  did  not 
deftroy  the  irritability, 
tieat  deprives         In  the  heat  of  100^,  the  mufcles  of  cold-blooded  animals 
P'-?^'=^" *>V^"' fall  into  the  contradions  of  death;  and  at   110*,  all  thofe 
of  warm  blood,  as  far  as  thefe  experiments  have  been  ex- 
tended.   The  mufcles  of  warm-blooded  animals,  which  always 
contain  more  red  particles  in  their  fubftance  than  thofe  of 
cold  -blood,  are  foon  deprived  of  their  irritability,  even  al* 
(bough  their  relative  temperatures  are  preferved;  and  ref* 
piration  in  the  former  tribe  is  more  eflential  to  life  than  in  the 
latter. 
Bs  do  poifons,  Many  fubflances  accelerate  the  ceflalion  of  irritability  in 

mufcles  when  applied  to  their  naked  fibrils,  fuch  as  all  the 
narcotic  vegetable  poifons,  muriate  of  foda,  and  the  bile  of 
animals ;  but  they  do  not  produce  any  other  apparent  change 
and  ele^^city.    >"  mufcles,  than  that  of  the  lafl  conlradion.     Difcharges  of 
eledlrictty  patfed  through  mufcles,  deflroy  their  irritability^ 
but  leave  them  apparently  inflated  with  froall  bubbles  of  ^s  ; 
perhaps  fome   combination  obtains   which  decompofes  the 
water. 
Eiperiments  on       '^he  four  feparated  limbs  of  a  recent  frog  were  ikinned,  and 
mufcles  iin-        immerfed  in  different  fluids;  viz.  No.  1,  In  a  phiatcontaining 
*  fix  ounces  by  meafure  of  a  faturated  aqueous  Iblution  of  liver 
of  fulphur  made  with   potafli;  No.  2,  In  a  diluted  acetic 
acid,  confiAing  of  one  drachm  of  concentrated  acid  to  iix  of 
water;  No  3,  in  adilutcdaikali,  compofed  of  cau flic  vegetable 
alkali  one  drachm,  of  water  Iix  ounces ;  No.  4,  in  pure  dif- 
tiUcd  water* 

The 


The  pMali  were  all  corked,  and  (he  lemperaluri;  of  ibcir 
content*  was  41)^. 

The  limb  onlaincil  in  ihe  phial  No.  I,  artcr  remaining 
Iweaty  minutes,  Itad  ac{|uired  a  pale  led  coluur,  and  lbs 
KuTcIck  were  htglily  irritable. 

The  limb  in  No.  2,  after  the  fane  duralien.  Iiad  bt- 
come  rigid,  while,  and  (wollen  ;  it  was  not  at  all  Irritable. 
By  removing  (fie  limb  into  a  dilulcil  fululion  oi  vegetable 
alkali,  the  mufcles  were  relaxed,  but  no  Jigni  of  irrilabiJtty 
ictumed. 

No.  3,  under  all  the  former  circurol1ance<:.  retained  ili  pre* 
vioai  appearances,  and  was  irritable,  but  luN  fa  than  No.  !• 

No.  4  had  become  rigid,  and  the  linal  contraction  bad  taken 
place.  > 

Oilier  cuiki  of  the  lofs  of  mufcnbr  irritability  occur  in  Mi>rci]lir  irriti* 
pathological  teftimonies,  fomc  examples  of  which  may  not  he  ^''"' '*'""''?* 
ineligible  lor  the  prefent  fubjeA.  Workmen  whofe  hands  are 
unavoidably  expofed  to  the  conlad  of  while  lead,  Bf«  liable 
to  what  ii  called  a  palfy  in  the  hands  and  wriflst  ffoca  a  tor- 
pidilyof  the  mufclcs  of  the  lore  arm.  This  affcrfltot)  feemi 
In  be  ilecidedly  local,  becaufe,  in  many  inllances,  neitlie^ 
Ibe  brain,  nor  the  other  mcmberf,  partake  of  the  difordei ; 
it  ofteneJl  affeCla  the  right  hand.  An  ingenious  pradicai 
cbemili  in  London  has  frequently  cKperieiiced  fpafina  and 
rigrdrly  in  Ibe  mofcles  of  bis  fore  arms,  from  aiTuiions  of 
nitric  acid  over  the  cuticle  of  the  hand  and  arm.  The  ufe 
of  mercury  occa&onally  btingt  on  a  fimilar  rigidity  in  the 

affeter  murdes. 

A  fmaller  qoantily  of  blood  flows  through  a  nuifcle  during  LcTi  blood  flawi 
Ibe  ftate  of  conlraflion,  than  during  the  quiefcenl  (iate,  as  """"S*"  '  '"f " 
a  Qvinccd  by  ibc  pale  colour  ol  red  mufcles  when  coolraded. 
The  retardation  of  iheflow  of  blood  from  the  veins  of  the  fore 
mtBt,  during  vcnxfcdtion,  wiien  liie  raufcles  of  ifae  limb  ale 
kept  rigid,  and  the  increafcd  Itow  after  aliernate  rela.\alioni, 
induces  the  probabihty,  ihat  a  temporary  retardation  of  the 
Uood  in  Ibe  mufcular  libnU  takes  place  during  each  con- 
traAion,  and  that  lis  free  courfe  obtains  again  during  ihe  rc- 
kxation.  Thi»  ftalc  of  the  vafcular  fyflem  in  a  conttafled 
imufcte,  docs  not,  however,  explain  the  dimmuiion  of  its 
bulk,  although  It  nray  have  fume  inllucnce  on  the  limb  of  a 
living  animal. 
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When  itiDfcles  are  vigorouily  contra^ledf  thetr  fenfibiHty 
lo  pain  is  nearly  deilroycd ;  this  means  i<(  employed  by  jag* 
glers  for  the  purpof'e  of  fuflfering  pins  to  be  thruft  into  the 
calf  of  the  leg,  and  other  mufcular  parts  with  impunity :  it  is 
indead  reafonable  to  cxpe^,  a  priori,  that  the  fcnfation,  and 
the  voluntary  influence,  cannot  pafs  alung  the  nerves  at  the 
fame  time  *, 

In  addition  to  the  influences  already  enumerated^  the  human* 
mufcles  are  fufceplible  of  changes  from  extraordinary  occur* 
rences  of  fcnfible  impreflions.  Long  continued  attention  to 
intereAing  vitible  objedls,  or  to  audible  fenfations,  are  known 
toexhauft  the  mufcular  (Irength  :  intenfe  thought  and  anxiety, 
weaken  the  mufcular  powers,  and  the  palfions  of  grief  and 
fear  produce  the  fame  efied  fuddenly  :  whilfl  the  contfary 
feelingly  fuch  as  the  profpedl  of  immediate  enjoy  me  nt«  or 
moderate  hilarity,  give  more  than  ordinary  vigour. 

It  is  a  very  remarkable  h€t  in  the  hiflory  of  animal  mtoro; 
that  the  mental  operations  may  become  almoft  autoroatic>  and, 
under  fuch  habit,  be  kept  in  adion,  without  any  interval  of 
reft,  far  beyond  the  time  which  the  ordinary  flate  of  health 
permits,  as  in  the  examples  of  certain  maniacs,  who  are  en« 
abled  without  any  inconvenience,  to  exert  both  mind  and 
body  for  many  days  inceflantly.  The  habits  of  particular 
modes  of  labour  and  exercife  are  foon  acquired,  after  which, 
the  adions  become  automatic,  demand  little  attention^  ceafe 
to  be  irkfome,  and  are  effeded  with  little  fatigue :  by  this 
happy  provliion  of  nature,  the  habit  of  induftry  becomes  a 
fource  of  pleafure,  and  the  fame  appears  to  bo  extended  to 
the  docile  animals  which  co-operate  with  man  in  his  labours. 

Three  claflfes  of  mufcles  are  found  in  the  more  complicated 
animals.  Thofe  which  are  conftanlly  governed  by  the  will^ 
or  direding  power  of  the  mind,  are  called  voluntary  mufcles. 
Another  clafs,  which  operate  without  the  confcioufnefs  of  the 
mindf  are  denominated  involuntary ;  and  a  mixed  kind  occur 
in  the  example  of  refpiratory  mufclc!:,  which  arc  governed  by 
the  will  to  a  limited  extent ;  neyerthelcfs  the  exigencies  of  the 


*  I  have  often  obferved  that  a  fmall  elefiric  (hock  may  be  re- 
ceived without  pain  through  the  mufcles  of  the  fore  arm  {  but  I 
imagined  it  to  be  owing  to  the  want  of  power  in  fuch  a  ihock  to 
jncreafe  (he  contraction. — N« 

animal 
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■nioul  fcclirgt  eveolually  urge  ihc  rerpiraiory  movemcnU  in 
defpi^ht  ol  ihe  will.  Tliefe  U(i  murdes  appear  to  tuve  be- 
come BUtomalic  hy  Ihe  cootinuaucti  uf  habit. 

Tht.'  atei  of  voluntary  murder  Ste  attained  by  expeflence,  Voluntary  U' 
imilaiion,  and  inftruflion  :  bul  Umn  of  them  arc  never  called  ^ j^J^n*^",!,; 
iDto  aUion  among  Europeanii,  ■&  Ihc  mufcles  of  the  external  iDvelunury  are 
ear»,  and   generally  Ihc  occipilo-fiontali^.     The  purely  invo.  ""'«'"')  "'- 
luDWry  roufcles  are  each  aded  upon  by  (iifTerenl  rubHani'C^i 
wbicli  appear  lo  be  their  peculiar  Hiinuli;  and  there  ftimuli 
co-operale  with  the  fenlorial  influence  in  producing  ilieircon- 
tradions :  IW  example,  the  bile  appears  lu  be  Llie  appropriate 
(limului  of  the  mufcular  fibres  of  the  alimentary  canal  below 
the  (lomach,  becaufe  the  abfence  ol'  it  tenders  ihofe  palTagcs 
lurpid.     The  digeiled  alinient,  or  perhaps  Ihe  gaftric  juiti«  ina 
certain  (late,  excilet  the  Aumacb.     The  blond  flimulales  (lie 
bcart,  light  the  iris  of  (he  eye,  and  mechanical  prclTure  Teems 
lo  excite  the  mufclea  of  ilie  tsfophagus.     The  lad  caufc  may 
perhaps  be  illuflialcd  by  the  inftant^cs  of  comprefllon  upon 
iIjc  volanUry  mufdet,  when  partially  conlrac'ted,  of  wliich 
Ibere  are  many  ramiliar  e^iamples.     Probably  (he  murdet  of 
Ibe  oGjcula  audilus  ate  awakened  by  (he  Itemoxs  ot  found  ; 
ftnd  Ibis  may  be  the  occafion  of  the  peculiar  arrangement  ob- 
Sevraiilu  in  (he  chorda  timpani,  which  fetves  (bofe  mufdet. 

The fc  extraneous  iliniuli  Teem  only  (o  afl  in  conjun£Iion  Stimuli  fctm  to 
wilh  the  feiiforial  power,  derived  by  lliofe  ronlirles  from  (be  """  f*"'""'' 
^wigliated  nerves,  becaufu  the  palTions  of  tlie  mind  alter  llie  nif-a  rcfcm- 
inufcuUr  adioiit  of  ihe  heart,  the  alimentary  canal,  (he  (efpi« ''''"(  ^'  F'^- 
ralory  mufclet,  and  the  iris;  fu  that  probably  (he  refpeflivc  °"*' 
fiiotuli  already  enumerated,  only  a£l  lublervicnily,  by  atvak- 
cniDg  (he  attention  of  the  fcnforial  power,  (if  lliat  cxpieffioQ 
may  be  allowed,)  and  thereby  tailing  forib  (he  nervous  in- 
jlnence,  whichi  from  t!ie  peculiar  organization  of  the  great 
chain  of  fympallielic  nerves,  is  eflefled  without  confcioufnels : 
for,   when  the  attention  of  (he  mind,  or  ihc  more  inlerefting 
]»(&ons  prevail,  all  tlie  involuntary  mufdes  aQ  irregularly, 
and  unAcadlly,  or  wholly  ceafe.     The  movements  of  the  iri» 
of  Ihe  common  parrot  n  a  flriking  example  of  the  mixed  in- 
flueace. 

The  mufcles  of  the  lower  tribes  of  animaUi  which  are  often  Lowtr  tilia  of 
i^ilitely  fupplied  by  nerves  coming  from  ganglion^  appear  of  •"'""»'' '^."^ 
4luicbfs;  and  tlius  the  animal  mglions  are  principally  regu- 
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The  nervous 


kted  by  llie  external  flinmlf»  of  which  the  occorrence  (eenifl 
to  agree  wilii  the  animal  neceffities :  but  the  extend  re  iUM* 
trations  which  comparathre  aimtomj  afibrds  on  tbh  point,  ate 
much  too  copious  for  any  detail  in  this  place* 

There  are  tvr a  Rates  of  mufcle^,  one  adite,  which  h  that 
conftanr^Aifc^  coiitra^ion,  the  other,  a  ftate  of  ordinary  tone,  or  rdasa- 
through  life,  tion,  whieh  may  be  confidered  paffite,  as  firr  as  it  rektci  to 
the  mind  ;  but  the  fenforial  or  nervcus  power  feems  never  to 
be  quiefeent,  as  it  refpedts  either  the  voluntary  or  hivelttntarf 
mufcles  during  life.  The  yiddnig  of  the  fphinders  appevr  to 
depend  on  their  being  overpowered  by  antagonift-  raHfclest 
Ather  than  on  Toluntary  relaxation,  as  it  commonly^fuppofed. 

I  hate  flow  finifhed  this  endeavour  to  eicfiribit  the  more 
recent  hiQorical  bBs  conneAed  with  muicular  motion.  ■ 

It  will  be  obvious  to  tvery  one,  that  much  femains'  to  be 
done,  before  any  adequate  theory  can  be  prop6fed'»  I  bsve 
borrowed  from  the  labours  of  othen,  without  acknerwledjge* 
neot,  beeaufe  it-  would  be  tedious  to  trace  every  fa6l^  slnd 
«very  opinion  to  its  proper  authority:  many  of  the-viewt  are 
perhaps  pectlKar  to  myfelf,  and  I  have  adduced  many  general 
alFuraptiortsr  and  conduiions,  without  offering  the  particular 
evidence  for  their  confirmation,  from  a  defire  to  keep  in  view 
the  remembrance  of  retrofpedive  accounts,  and  to  combine 
them  with  intimations  for  future  refearch.  The  due  cultiva« 
tion  of  this  interefting  purfuit  cannot  fail  to  elucidate  many 
of  the  phenomena  in  quelHon,  to  remove  premature  and  ill* 
founded  phjfiological  opinions,  and  eventually  to  aid  in  ren«* 
dering  the  medical  art  more  beneficial,  by  efiaUifhing  its 
doctrines  on  more  exteniive  and  accurate  views  of  the  animal 
economy. 
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On  tk€  Meafiirc  of  Meclmmc  Power,    In  a  Letter  JrmKk 

Mr.  J.  C   HORNDLOWKR. 

To  Mr.  NICHOLSON. 
De^b  Sir, 

Meafore  of  1  AM  glad  to  find  that  fomcbody  has  feconded  my  motion 
"***ff  a!  ^^*'**'poncerning  Aor/i  power,  and  I  hope  the  fubjeft  will  not  bedif- 
"  mifled 


HMTed  Mttit  k  liM  palTed  [lie  unanimous  afTcnt  of  boili  ihenredc  Mcii 
and  (ira^tcaj  mechanic*;  »nd  I  mofl  hewesprefsny  sK-fcnow-^^ 
ledgmems  lo  Mr,  Grej{ory  for  his  impfovwl  meihod  of  derid- 
ing the  qucftioii.  h  i^ofabfoluteimporlance,  [hal  Ihe  draught 
be  iwncifculaTtKiirflJon,  and  aICo  liiat  Hie  fsdins  of  t!*ctrclc 
h9  giteifj  for  no  pofitien  wat  ever  mnre  deniDnOraUa  than 
Ihil  Ibe  lefi  the  rwliuii  the  Mi  can  a  horte  (whufe  fiilei  M« 
eq«l}  exert  liis  fccultj  of  iraftion. 

Bui  I  muft  beg  l^ave  tu  ufe  a  lill)e  freedom  (in  no  wifeun- 
becemng,  1  hope;)  in  adveriinfr  to  what  Mr.  Gtegmy  in 
«0B|unAion  wilii  Profirilor  Robifon  hai  adfarced  on  ihe  fub- 
ject  of  Mr.  Smealon's  moJc  of  deliiiiiig  mcehiniic  pmurrt  Mid 
iHtehtnk^  fJM ;  and  I  am  fiirprifed  lliai  atnnng  men  of  talent 
and  ■ITiduitj'  i  be  re  can  be  a  difference  of  npmion.  It  feeoiii 
■»  aw,  tliBt  if  any  reaftin  can  be  found,  it  mull  be  ihat  we  do 
Mtt  Dnderftand  IIm.-  fubjefl,  and,  perhaps  1  may  give  a  decided 
proof  o4'n  in  whai  1  ftiuii  advance  concerning  ii. 

Hiyweuer,  lam  fure  that  when  a  ball  of  cart  iron,  of  twenty 
inches  diameter  is  elevated  by  meani  of  a  pinion  and  wheel 
cuntieded  to  the  lides  of  a  pair  of  Qieers,  and  left  to  hauji* 
Aorei  little  while, — IF  I  cut  (he  rupe  that  fuRaiin*  it,  it  will 
Ml  froriy  a  certain  height,  in  s  certain  portion  of  lime,  and 
WooM  dalh  a  faulty  cylinder  nf  a  Iteam  engine  in  piec«i. 
Arid  I  am  fo  well  falnfied  Ihal  there  Wat  a  rerfain  tenden<'r 
in  this  ball  to  fstl  lownrd*  tlie  centre  of  the  e^rth.  that  I  need 
jhH  take  a  moment  to  examine  the  irulh  of  ii;  but  that  lint 
deftrufiion  of  (he  cylinder  was  occafioned  by  the  ball  Ming 
from  Ibe  point  lo  which  it  whi  raifed,  (liow  it  was  raifed  it  d<» 
p«rt  of  the  fubjea,)  Then  I  lay,  that  if  the  ball  had  not 
fellen  from  the  height  it  wan,  or  if  the  ball  bad  not  been  fn 
heavy  as  it  wai,  or  if  it  had  had  it;  veluciiy  toiarded  by  any 
ntcaoB,  the  cylinder  would  not  have  been  broken.  I  will 
sdd,  that  had  this  ball  been  a  true  fphere,  and  the  cylinder 
kad  not  been  there,  bill  a  terlain  curved  furface  in  il*  place, 
vrhfCh  Hiould  hove  received  ibe  ball  to  prevent  it  impinging 
in  the  line  of  defcent,  it  would  have  been  turned  out  of  itt 
courfe  conlbrmably  to  the  nature  and  pofition  of  the  curve  : 
Hid  all  Ihal  h  above  common  apprehenlion  in  ibis  snatier,  is, 
(hat  while  the  ball  was  falling,  iti  veloeiiy  wa«  increasing 
every  inftani,  and  that  when  it  met  with  the  curve  (if  it  gave 
M  an  horizontal  coutfe)  il  would  proceed  with  unifofm  velocity 
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^^^^  ^      'i^^  ^^^^^  ^^  ^P^^^  through  which  it  fell«  allowing  the  Cune 
crVdcd*  ^>>Be  for  this  hoFiEontal  courfe  as  it  had  in  filing  its  perpen* 

(iicttlar  height,  and  that  its  teDdency  is  to  continue  that  courCa 
for  ever* 

From  this  ftatement  of  the  law  of  bodies  jn  motion,  (fo  fiir 
as  it  goes)  I  think  we  need  not  be  very  diffident  in  laying, 
tb^  it  is  from  fimllar  feSs^  (though  lefs  philofopbically  obferv- 
ed)  that  we  obtain  oar  primary  ideas  of  molion*  The  apple 
falling  from  the  tree  is  a  very  good  inflance  to  the  point, .  and 
)t  w/ould  not  require  a.  very  extraordinary  (Icetch  of.  genioi  to 
apply  fttcb.  an  accident  as  that  to  any.  thjng.  like  tbo.  pile 
engine,  fiam ping  prefs,  &c.  '  .> 

But  there  arecertain  fpeculative  mechaqicii,  who  intbeir nods 
of^ccotnti.ng.  for  efiedls  like  what  are  here-flated,  bave.choiea 
(o.adppt  terms  of  a  very  difierent  importi  and  Tor  (ome.laftea^ 
leafon  wifli  to  keep  gravitation  out  of  fight.  The  writer  of 
(he  article  Dynamics  in  the  Supplement  of  the  Encyi^ppedia 
Britanaica,  calls  it  prelTure^  and  by  his  way  of  philotophiiing  in 
the.  explanation  .of  ■the'taearure  of  mechanic  power,  baa  (is 
my  opinion)  laboured  to  make  it  asmyfterious  as  poifible.        j 

I  mu(l  for  the  fake  of  thofe  of  yoar  readers  who  have^noe 
the  work  to  refer  to,  quote  a  few  paflages  now  and  llten  firom 
tlve  abovp  popular  work,  and  here.  I  would  refer  them.*  io 
the  article  on  Machinery!  wliere  he  begins  by  -fiating,  that 
different  notions  have  been  entertained  on-  this  fubjeA  by 
Leibnitz,  des  Cartes,  and  other  eminent  roeciianics  o\  the  lall 
century^  and  adds,  **  tbatjbme  qf  the  mofi  etninnu  pvaBitiamr^ 
qf  the  prejint  times  (for  toe  mufi  include  Mr.  SnufOkm.  in  the 
number  J  have  given  ineafitrcs  qf  mecliamical  pmier  in  machinery^ 
vshich  Vie  think  inaccurate^  and  tending  to  crroncowi  cunclitfionf 
and  maxims** 

He  then  proceeds  to  explain  and  demonflrate  the  true 
meafure  of  mechanic  power,  and  he  begins  by  fuppofing  a 
roan  preiling  uniformly  on  a  mafs  of  matter  for  a  certain  time» 
and  going  on  with  the  fulled  takes  occafion  to.  diAingailb 
between  t1^  lucight  of  a  badj^  and  its  heavineft !  and,  towarda 
the  latter  end  of  tliat  fe^on  he  comes  to  feme  fort  of  a  con<* 
clufion  of  the  fubjedt,  fo  far  as  to  fay  what  is  thereat  meafure  of 
mechanic  power :  I  fee  I  muil  make  endlefs  quotations  if  I 
regard  the  very  letter  of  his  argument,  but  I  hope  I  (hall  be 

cxcufed  i  however  I  will  quote  the  Ml  paragraph  verbatinu 

Kelatin|r 
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Relating  to  Ibe  prefTare  of  Ibe  nmn  juft  mentioned,  he  rayt^Meafuft  of 

"  but  hither  we  know,  that  this  preOure  is  the  exertion  ♦,^J^5J^f'*^ 

we  have  no  ot^  notion  of  our  own  force,  and  our  notion  of 

gravity,  of  eUfiiciiy.  or  any  other  oatural  force  is  the  fame; 

We  alfoIoDaw.'th^  the  continuancie  of  this  exertion  fatigues 

aadlieKhauft*  our  (Irength  as  completely  as  the  mofi  violent 

ttfilion.     A  de^  piall  as  it  k  called  of  a  horie  at  a  pofl  fixed 

invifbe  ground,  jfr^  ufual  trial  of  his  Urcngth.     No  roan  can 

bold  ont  .Ms  # rg^  hl^iiKmtally  ibr  much  more  than  a  quarter  of 

aahfHiry.apdthe  eixertion  of  the  laft  minutes  gives  the  moft 

didrctffing  fiuigue,  and  difables  the  fhoulder  for  adion  for  a 

copfiderable  tiipe  after.     This  is  iherrfore  ,am  expenditure  qf 

MccAoAicai  JP<?^  ^  the  jtrid  pnmiiivefcnfe  qf  the  word»    Of 

this  eKpenditarq-;We  have  an  exa^  and  adequate  efl^  and 

aeafure=  in*  tlie  -quantity  of  motion  produced,  that  is  in  the 

prodod  of  the  -quantity  of  matter  by  the  velocity  generated 

in  it  by  this  exertion*    And  it  rouft  be  particularly  noticed, 

that  tha  meafure  is  applicable  even  lo  oaCes  where  no  motion 

is  produced  by  the  exertion;  that  is,  if  we  know  that  the 

exertioB  which  is  juft  unable  to  flart  a  block  pf  Aone  lying  on 

tL  fmoolh  pavement,  but  would  Hart  it  if  incrcafed  by  thi^ 

fmalleft  addition,  and  if  we  know  that  this  would  generate 

in  a  fecond  32  feel  of  velocity  in  100  pounds  of  matter,  we 

are  certain  that  it  was  a  preflTure  equal  to  the  weight  of  this 

100  pounds.     It  is  a  good  meafure,  though  not  immediate^ 

and  may  be  nfed  without  danger  of  mifiake  when  we  have  no 

©ther." 

I  fliould  not  have  quoted  fo  much  of  this  fed^ion,  if  it  liad 
not  been  that  I  think  it  contains  an  unequivocal  interpretation 
of  the  writers  notion  of  the  true  meafure  of  mechanic  poyver,  and 
at  once  exhibiting,  in  my  proud  opinion,  the  fallacy  of  the 
dodrine  in  toto.  What !  (hall  mere  mufcular  exertion, 
whether  of  horfe  or  man,  be  cdeemed  even  an  auxiliary  to 
get  the  conception  of  the  nature  of  the  thing ;  how  much  lefi 
then  (ball  it  be  fet  forth  as  the  thing  itfcif  ?  In  perfed  con* 
fonancewith  this  writer,  Mr^Gregory,  page  152,  Philofopfaicai 
Journal,  Vol.  XI.  fays,  fuppofe  tliat  a  horfe  while  (landing 
fiill,  fuflains  by  means  of  a  rope  and  iimple  fixed  pulley,  a 
roafs  of  an  hupdred  weight,  and  thus  keeps  ii  fufpended  at 
the- lop  of  a  well  for  the  fpace  of  a  minute;  neither  the 
animal  nor  the  weight  moves  :  but  fball  we  fay,  in  conformity 

^  Article  Machinery,  Supplement,  4  th  fee. 
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Meaforeof  as  it  ivould  feem  witb  Mr:  Smeaton's  mearore^  Ihat  diere  in  no 
weffST'*'^"  power  expended,  no  eflfejEt' produced.  Oh  the  contrary  we 
know  there  h  a  power  expended,  and  that  effeft>  if  (ufficienlly 
lon^  continued,  would  completely  tire  the  hoHe.  Then  let 
us  have  a  poft  inilead  of  the  horfe,  and-  furely  that  will  not 
tire,  and  what  wiTl  be  the  confcquence  fhen  ?  why  then  there 
will  be  no  power  expended,  and  no  e(TeA  procluced  ;  and- 1 
beg  leave  to  afk  my  opponents,  whai  is  the^  power  expended 
when  a  horfe  or  other  sjniinal  is  placed  theftS'lo  faftahi  the 
weight  ?  it  it  any  more  than  the  expertee  of  nenroos  er 
mufciilar  a6lion ;  and  has  that  any  analogy  witb  a  Weight 
defcending  tbroagh  a  given  fpace,  either  uniformly  or  ac* 
cdlerated  ?  and,  I  a(k  again,  what  is  the  efieA  prbdooed  more 
than  what  is  prodikced  by  the  poft  ?  the  horfe  does  bot  keep 
the  weight  from  dropping  into  the  well,  and  the  poft  will  do 
the  fame ;  indeed  you  may  fay,  that  when  you  hang  up  your 
bat,  that  the  pin  which  fuflains  it,  prevents  it  from  felling,  as 
does  the  horfe  the  mafs  in  the  well,  and  that  therefore  there 
muft  be  fome  power  expended  oh  the  pin. 

It  is  really  difficult  to  be  grave  on  this  occafion ;  but  I  feel 
nyfelf  rcftraincd  by  the  magnitude  of  the  fubje6l,  and  its  im- 
portance to  the  community.  Profeftbr  Robifon  (ays,  when  a 
roan  holds  out  his  arm  horizontally,  the  exertion  towards  the 
end  of  a  quarter  of  an  hour  gives  the  moft  diflreffing  fatigue, 
and  then  fays  this  is  an  expenditure  of  mechanical  power, 
which  I  (hall  take  the  liberty  to  deny  for  the  prefent.  But  is 
it  fuch  a  mechanical  power  as  Smeaton's,  or  in  fine,  is  it  a 
power  made  up  of  a  mafs  of  matter  moving  with  any  deter- 
minate velocity  either  uniform  or  accelerated?  If  the  learned 
ProfeiTor  intended  to  familiarize  the  doflrine  to  people  of 
common  fenfe,  he  could  not  have  chofen  a  more  indire6l  and 
perplexing  example. 

But  let  us  attend  a  little  further  to  the  fubjed  in  the  fourth 
fedtion  of  the  article  Machinery,  Sup.  £ncy.  Brit.  There  he 
fays,  that  "  when  a  man  fupports  a  weight  for  a  (ingle  in- 
ftant,  he  certainly  balances  the  prelTure  or  action  of  gravity 
on  that  body,"  by  the  way  here  is  a  great  want  of  prccilion 
in  the  cxpreffion,  "  prejjure  or  adtion  of  graviijf,"  as  if  they 
were  fynonimous  terms,  whereas  prejfure  certainly  denotes 
repulfiont  if  the  term  will  bear  any  definition  at  all,  atid  to 
explain  the  term  gravity  if  it  will  not  admit  of  attraSion,  I  am 

fare 
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(ure  il  cannot  be  colled  repultion,  bul  to  proceed.  "  •nd  tie  M"(uit  -rf 

,  .         „.  ,  ,  ,  r  -     B>'C''"<ie  fO<lrtt 

conliiHict  t!j[s  aaion  a;  long  as  he  continuei  lo  hipfxirl  it,  g,  ^getl. 
and  we  know,  thai  if  this  body  were  at  tlieend  oi  a  horizon* 
tal  Brrn  turning  roiuid  a  verticil  axis,  the  fame  rffi'ri  which  the 
man  cxcrled  in  merely  carrying  ihe  weigh),  ii  now  I'KMIed  nn 
ihe  bodj  by  puQiing  il  horizonlnlly  round  ihc  axis,  will  gene* 
rale  in  it  Ihe  fBine  celocily  wiijob  gravity  would  generate  by 
in  UJing  Freely." 

A  loore  err<ineoiis  pfopofiiioD  was  tipvcr  inKcxlucKd  to  the 
Ifceory  at  praftictt  ol  mcohsnics.  \Mial,  i«  ihere  noilitlerenoB 
(Ba.Kian  carrying  a  load  on  \m  Iboglder,  and  putting  it  into 
a  Uock  i  or  Co  come  nearer  the  ProfetTof's  pwpoOtion.  let  the 
man  wbo  lia^  to  carry  two  hutKlr«d  pound*  for  cue  mile  be 
pcnniltod  lo  lake  the  weight  framhit  S\tou]don,  and  reH  li  aq 
the  am  of  any  iliiiig  like  u  horfe  wlicel,  perfetlly  deiacbetl 
iiom  the  mltl  gi^ar,  let'the  gndgeon(>bc  oiled,  and  then  lA 
kini  "pttjh"  il  hurizotttaNy  ruand  its  aKi-iunitl  he  hai  lra*elldl 
■  mile. 

Now  withoul  afk>ng4benian  wbii^h  be  Jibes,  bed,  b(  us  fee 
what  he  duci  by  pkioing  bis  load  <m  ibc  arm  of  tbe  herfB- 
wlicel,  and  pufliing  il  .round.  Why,  be  <%r(ainly  overconiec 
Ifao  additional  i'riflian  vwhich  bis  I«ad  bas  added  lo  ihe  weight 
U  Ihe  wheel,  and  that  a  all,  ^nd  if  you  will  let  u^  Itavc 
gndgconi  which  have  no  rii^ion,  the  mau  need  not  to  walk 
&r  to  pufh -the  horizontal  arm  into   parpelual   niolion. 

BulDuwIbr  ihcmonftrons  conclufion  by  (his  pr'ipjfiiion. 
*•  If  tite  man's  e^sertion  waj  employed  to  generate  mottiin  io- 
Jtead  of  counterafling  gravity,  he  would  generate  during  Ihit 
4b!niUe  Uie  fame  motion  (hat  gravity  would;  Ihai  '<•:  COy.S'Z 
tfeet  velocity  per  fccoiid  in  a  mals  of  30  pounds.  Tberc 
■•rould  be  SO  ptmixU  of  matter  moving  with  the  vdodty  4f 
dMO  feet  pel  feoond,  Wc  would  esprefs  aKk  produfllnn 
SOT  elfca  by  30x  1420,  or  by  G7600  as  the  meafere  «f  th\: 
latan's  exertion  dating  Ihe  minUIe." 

Here  ii«vnlently  a  iypo^nt{ihtve)  ernr.  fiemi  fnr  ti'iniHe. 
i^t  -whefl  wo  admit  fuppofilionJ  for  (he  -f  Jte  wC  illuRration, 
HliL're  ffagliL  lo  be  fome  Di>nfoiniit.y  in  the  fuppofiiion  lu  the 
ib&  it  is  intended  to  illdflme:  llicn  I  would  alk,  there's 
llbe  van  who  ran  geneule  3U  ioei  nf  velocity  in  a  mafs  of 
^0  pounds  in  one  fucond  ?  lo  tu  lore  lie  -can  let  it  tail  a  letmid, 
ibiU  he  caafloi eurvjT  it  .$2  fcwl  in  a  fiecond  ;  but  he  favc,  '■  wc 
V  4  '     would 
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would  enprefi  ihu  ptodufiton  or  eifefl  bj  30x1920  d 
^3760a>  ilieincarure  of  ihe  raaii't  exertion  duiing  the  minute.' 
Sir,  it  ii  mure  than  even  oneut  Uuulioii  ai>d  Walls'  iiurft;^  can 
do. — Well  may  he  fay,  ••  lucb  an  CKCIlion  wiJI  completely 
exiiauft  11  man'»  flfcnglh," 

He  llicn  giies  on  lu  cDDHder  "  more  narrou-h/  wliat  a  aan 
Ttallif  4ofs,  wlicn  lie  pi^rliirini  what  Mr.  Smeattiii  alloiiu  to  be 
the  pioduclion  ol'  a  nicarurabic  mechanical  e(Tc^.  Suppofe  a 
weight  of  30  pounds  hanging  by  a  cord  which  palTcs  over  » 
pulley,  and  ihat  a  man  taking  this  corj  over  his  (liaulder, 
lurns  his  back,  to  the  pulley,  and  walks  away  from  ii,  we 
know  (hat  b  man  of  ordinary  force  nill  walk  along  raifing  this 
weight  at  the  rate  of  about  lixty  yaidi  in  a  minute,  or  a  yard 
in  every  fecond,  and  that  be  can  continue  to  do  ihii  ior 
eight  or  ten  hourt  from  day  to  day,  and  that  this  is  all  he  can 
do  wilhout  faiigue.  Here  are  30  pounds  raiCed  unilormly 
130  feet  in  a  minute,  and  Mr.  Smeatun  would  exprefs  this  bjr 
SOx  iSO  or  5400,  and  would  call  this  ihc  meafiire  of  the  me- 
cbanicol  elTecl,  and  alfo  of  the  expenditure  of  power.  Thit 
is  very  diirerent  from  our  meafure  57600." — Yes,  but  I  ho[* 
iiol  ihe  iefs  conclufive  on  thai  account. 

It  \»  wholly  incomprchcnrible  lu  me  why  thofe  mea  (who 
have  certainly  a  right  to  conlruviTt  any  propolilion  which 
.appears  to  them  erroneoui^]  fliouIJ  take  up  ihc  fubjeci,  alTuining 
point)  which  the  doflrine  advanced  by  Mr.  Smeaton  bsi  rob 
ibing  (o  do  with.  It  is  clear  that  all  this  animal  erertioo 
cooaes  at  laA  to  tlie  law  of  bodies  falling  in  accelerated 
.velocity!  which  Siuoaton  allows  to  be  a  dillm^  conrideralioo, 
as  he  fays,  "  if  the  weight  defcends  quickly,  it  is  tenfib^ 
compounded  with  anolher  law,  viz.  the  law  of  acceleration 
by  gravity."  But  how  inconHAeiit  is  it  to  go  about  loeluo* 
dale  ihe  laws  of  bodies  in  motion  by  the  adion  of  a  man  or  k 
horfe.  What  is  the  expenditure  of  animal  power  but  a  wade, 
of  what  has  been  ufually  termed  by  analamiHa  ncivaw. 
fpirilt,  or  perhaps  an  inceptive  diforganizalioA  of  Ihe  con*' 
flilucnl  parti  ul*  the  ligaments  and  mufcles  ?  in  (liofi,  we  raaf 
compare  it  to  conlraflions,  infJammaliun,  and  gangrene,  butl 
never  la  the  momentum  acquired  by  a  body  moving  througl^ 
a  certain  fpacc  in  a  certain  lime.  It  ii  remarkable,  that  all. 
llii^  reafuning  is  about  (!iat  of  ivjiidi  Mr.  Suieaton  ha*  nevCT' 
laid  a  ivurd,  except  in  lih  illuitrriiioa  of  the  mechanic  power 
necelTary 
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Bdcefbry  to  give  velocity  to  heavy  bodies,  where  he  fuppofes  ^^jj)jj?.^^^ 
a  man  pafiiing  an  iron  ball  on  an  extended  plane,  and  this  not  o,  ekea, 
to  try  his  mafcular  forcey  or  to  fee  what  he  can  do  without 
tiriog,  bat  merely  in  elucidation  of  the  do^rine  he  fets  out 
with. 

I  have  not  time  at  prefcr.t  to  purfiie  the  fubje^  to  the 
extent  I  wifii,  and  to  enter  on  the  ground  of  the  miftake  of 
this  great  man:  nor  let  it  be  imagined  for  a  moment  that  I 
have  availed  myfelf  of  his  everlafting  abfence,  to  call  in 
qoeftion  what  he  has  advanced  in  refutation  of  a  fuppofed 
error.  It  would  have  remained  as  it  was  unto  a  diftant  period^ 
Itad  it  not'been,  that  I  fee  Mr.  Gregory  advancing  the  fame 
apinion,  which'  no  doubt  he  will  defend  or  dcfert. 

I  am.  Dear  Sir, 

Your  obedient  Servant, 

J.  C.  HORNBLOWER. 

If  Mr.  Gregory  (hould  read  this,  I  (halt  be  glad  if  he  will 
fet  me  right  as  to  the  identity  of  animal  exertion  and  mechanie 
pmcer, 

VII. 

An  Invejtigation  qfall  the  Chaitgex  of  the  variable  Star  in  Sobitfld'^s 
Shield,  fi'tmi  Jive  Years  Objbrvations ;  exhibiting  its  prapor* 
tional  iUuminated  Parts,  and  its  Irregularities  of  Rotation ; 
v;ith  Conjectures  re/peBing  unenlightened  heavenly  Bodies,  By 
Edward  Pigott,  Rfq,  Abridged  from  the  Philo/bphical 
Tranjhdions  for  1805. 

1.  HE  author  begins  his  memoir  with  an  inveSigation  of  the  The  variable 
periods  of  change  in  the  variable  ftar  in  Sobiefki's  (hield,  of 'i*^^«^^*»''*:^»'» 
which  the  right  afcenfion  was  279^  9\\  and  its  declination  on  its  «xu  in 
fouth  3®  56^,  for  end  of  June  1796.     Its  rotation  on  its  axis  ^»i  <^*y"* 
in  I79G  was' edimated  at  62\  days,  from  a  mean  of  fix  obfer- 
vations  of  its  greatefl  and  lead  brightnefs.     In  the  prefent 
paper  he  gives  about  26  fimilar  determinations,  rood  of  them 
the  refulls  of  very  accurate  obfervations  made  in  the  year 
1796|  1797,  179S,  1799,  and  1801.     From  all  thefc  refults 

it 


it  was  foond  that  the  difa^reemonti  between  Uie  periods  of 
change,  as  deduced  from  its  full  brightnefs,  were  much  greater 
than  ihofe  deduced  from  its  leaft  illumination.    The  former 
gave  the  mean  period  63  d^^ys,  and  the  latter  39| ;  and  the 
mean  of  thefe,  namely  61 -^  days,  agreeing  with  the  former 
determination  to  ^  day,  is  as  near  as  could  be  expeded  is  eb* 
fervations  of  this  nature* 
Tm  ''^iTa^         '^**®  author  in  the  next  place  proceeds  to  examine  foroe 
trightnei* do  myt  Other  of  the  changes  to  which  this  ftar  is  fubject.    By  tabulated 
equity  divkfe     obfervations  through  the  fame  ferics  of  years,  he  finds  that  the 
cumferencc  ~      ^'™^  ^'  decreafe,  from  the  middle  of  its  full  brigh^efs  to  the 
tbejr  divide  it  as  middle  of  its  leaCl,  is  on  a  mean  of  3i  days;  and  that  the 
^'^  time  of  its  increafe,  from  the  middle  of  its  leaH  brightnefs  to 

the  middle  of  its  full,  is  in  like  manner  only  01  days.  The 
fum  of  thefe  numbers  amounting  to  the  period  61,  (hews  their 
probable  exaflnefs.  Thefe  compared  and  combined  with  the 
former  determinations  of  1796,  give  a  mean  of  the  whole 
33-1'  ^'^^  ^^  '^  dai's.  Aft  it  thus  appears  that  the  time  of 
the  decreafe  is  longer  than  that  of  the  increalie,  it  follows  of 
courfe,  that  the  places  of  the  full  and  leaft  buightneft  are  not 
(ituated  at  the  diftance  of  half  the  circumference  from  each 
Odier  variable  other ;  and  the  like  circumftance  Mr.  P.  affirms  is  found  to 
^C^^,  °"  ^  be  the  cafe  with  fDoft,  if  not  all  the  variable  flars. 
The  luminous  The  next  particulars  to  be  reviewed  were  the  durations  of 
Shres^ariable.*  '**  brightnefs  without  any  perceptible  change,  while  at  its 
maximum  and  minimum.  Thefe  determinations  required  a 
tolerable  fucccffion  of  obfervations  ;  where  that  is  not  the  ca(c 
he  has  omitted  them  in  his  tables  From  thefe  it  is  found  in 
general,  that  when  the  degree  of  brightnefs  at  its  maximum 
is  lefs  than  ufual,  and  its  minimum  not  much  decrealcd,  the 
changes  take  place  but  very  flowlyi  and  cannot  be  fettled  with 
much  accuracy  unlcl's  the  obfervations  have  been  made  fre- 
quently and  with  great  attention.  He  accordingly  paflfes  again 
over  the  furies  of  yeari:,  Aiewing  tiie  dates  of  its  magnitudes 
when  at  its  full  brightnefs,  and  alfo  when  at  its  lead  bright* 
nefs,  and  he  tabulates  at  the  end  of  the  iird  part  of  his  paper, 
all  the  diilcrent  changes  tliut  iiave  been  examined.  The  words 
in  the  firil  column  or  compartment  defcribe  them  ;  in  the  fe- 
cond  column  the  prefent  refults  are  exhibited-;  in  the  third  are 
the  refults  of  the  former  obfervations;  and  in  the  laft  columu 
is  placed  a  mean  of  both  computed  proportionally,  according 
to  the  number  of  obfervations  of  each. 

Table 
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1 

Tible  of  the  p- 

D"y', 

ncnl  ■ffeaiam 

Dix- 

D.,.. 

mein. 

oftbtraUI* 
llu. 

Ratatim  nTiit9a\ii     . 

6\i 

62J 

6[i- 

DorBlionolbriffhinef',  al  iisman- 

imuro,  without  any  peicepiible 

change            -         .         .         . 

s+ 

)4 

H 

Ditto,  when  il  doei  Dot  attain  il« 

ufual  brighLnefi       ... 

20- 

— 

— 

Duration  of  brightneft  at  ifs  mini. 

mum,  without  any  percepiible 

cliange            .... 

9- 

a 

9 

Ditto,  when  It  doei  not  decreafo 

fo  mucli  »t  ufuBl      . 

20- 

... 

Decrt-afe  in  time,  from  the  miJiMe 

cfilj  full  bfiglilncf)  to  Ihe  middle 

of  il,  lead        .... 

3t 

9S 

33+ 

Jncreafc  in  time,  from   the  middle 

of   ill    teafl   brighlnefi   to   the 

middle  of  iu  (nil     . 

27  + 

35 

29- 

ExereioMofiisdifferentdesree,-]          5+    1       ,,          , 
ofbnghi.id-i;  withameanol            i)  .)r     >_e            e 

it.  ufiuU  va-illions         -         J          0        J  '"^            ^ 

The  aulhor  having  thus  fettled  wilh  confiderable  pfecilion  The  climjti  ia 

ihefe  effeniial  varialionf  of  ihe  liar,  pr.weedi  lo  examine  (bme  ^J"^^^ 

of  its  other  phenomena,  particularly  une  which  i>  common  to  the  periodi 

nofl  of  the  changeable  Bars  and  iikewife  in  forae  degree  to  *^jj,^^ 

oor  fun.  namely,  that  the  timei  of  their  periodical  relurni  of  oihti. 

brightnef)  arc  in  general   iircgiilar, — a  circuniffance    fo    inle- 

«<:lliiig  ai  to  engage  our  alleniion,  and  which  induced  Mr.  P. 

lo  r>ake  llie  fuccellJon  of  ohfervatinns,  in  the  hope  ol  difco- 

veriiig  III  nature  and  caiilc.     Wilh  this  view  he  has  proceeded 

lo  labulalG  the  feriei  ol  years  1"  a<  lo  afcertain  [lie  apparent 

rotation^  in  days  fioro  tlie  obfervtd  middl 

Ixnci  of  ilK  lull 

brighlnefs   a>id  alfo  from   ihe  obferved  m 

ddle  limes  of  i[« 

Jeafl  brightnefi.  Tor   Gngle  periods.     From  thefe  it  appears,                             1 

that  Ihe  periodical  teliirn!t  <'f  brighinefK  are  uncommnnly  flue                             1 

lualing,  and  that  Ihe  diSerence<i  between  the  exiremeaare                           J 

rcry  conliderable  ;  to  account  for  which  he  nfl'ers  the  follow.                           M 
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AfluDWd  paG' 


dured  hr  in  M 
tnofpherc  like 
chAl  of  lh«  fun 
4.Th«luminoi 


itig  explanalion;,  fuggefting  prerioutly  a  few  plaufible  caii- 
jeflufi-'i,  and  fgine  inferences  arifing  from  Ibc  obfeiv«4i<^ 
Iheinlelves  •. 

111.  That  the  body  of  Ihe  liars  are  dark  and  folid. 
I.  The  il«s .«  2d.  Their  real  relations  on  U«ir  axe.  are  regular, 
opike.  1.  Tbcf  3d.  Thai  ihe  furrounding  mediLim  is  by  limes  genera  ling 
ian  Kgulir  n>-  ^„^  abforbing  iis  [uminou*  particles  in  a  manner  nearly  fimikf 
luminoui  m-  '<>  what  has  been  lalely  fu  ingenioudy  illuflraled  by  the  great 
inveftigalor  of  the  heavens.  Dr.  Hcrfcliel,  wilh  regard  lo  the  , 
fun's  atmofphere. 

4lh.  Tliai  ihcfe  lunriiiious  particles  are  bal  Jparingfy  diJptTfe^ 
in  Ihe  atmofphere  furroiinding  Ihe  variable  liar  of  Sobielkt, 
lioglj  difperfei   appears  from  the  (lar  being  occafionally  diroiniflied   lo  ihe  6.7 
bw.^lif-'^    magnilude,  and  much  lef!.     July -1-,    1799,  it  was  of  the  Tthj 
September  15,  1798,  and  Auguli  D,  1803,  of  ihe  9th,  if  nef 
inni/tbk.     (See  Table  Vll  f-)     Does  not  this  indicate  a  very 
fraall  poilion  of  light  un  its  darkened  hemijpherr  f 
%.  Prolibif  5th.  And  may  we  not  wilh  much  plaufibility  conGder  them 

fauUpiicliti:  ^s  fpoij^  fomcwhal  circular,  or  of  no  great  enlonl?  for  even 
on  its  brighten  hemijphere  the  iluratioit  of  its  full  luflre  is,  on  a 
mean,  only  9^  days  of  the  6a,  or  about  one-fixlh  and  |  of  rH 
circumference.  (See  Table  VIII.  page  1  K)  )  The  dimen- 
lions  therefore  of  the  parts  enligliiened  feeni  much  circuu* 
fcribed,  and  can  be  tolerably  eliimait.'d,  anH  confL'quenlljr 
may  be  reprefenled  very  fmall,  particularly  if  the  pnictrfiH  ' 
efftH  oj  a  link  lighl  and  ihe  length  of  linie  a  bright  fpot  is  rfr  | 
inaining  in  view  be  taken  into  conllcli;raiion.  ' 

C.  Chanieihle  6th.  And  a  further  ground  of  prefutuption  ihat  tbofe  prin-  I 
iniheirniturei  ^^^^\  j,righl  parts  arc  but  flight  patches  is,  thai  lliey  underga  j 
perpetual  channel,  and  alfo  that  fuch  changes  are  very  vifibta  \ 
to  lis,  fur  inoli  probably  they  would  be  imperceptible,  wew  ' 
not  Ihe  bright  parts  contralled  by  conliderable  inlervaJs  Of 
diminutions  of  lighl. 
AnddcdudUe  7ih,  and  lall.  We  may  obtain  fome  idea  of  the  relent 
F'™*"_^«fllion  or  intereith  betxseen  thefe  bright  parls,  by  the  obfeivi^ 


peni. 


*  The  r(ft  of  the  paper  is  given  without  abridgrmeut,  and  t]M 

author  himlelf  fpeiks  in  the  fitH  perfan.  ^ 

t  The  author  refer*  to  his  lables  in  the  TraofaftioQi,  of  wbtdr 

,  ^e  abridged  nfult  has  been  here  given. 
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tiont  of  lii«  tncreafe  and  decreafe  of  brighlnefs,  as  (hereby  the 
vhaaget  end  limes  elapfed  ere  pointed  oul.  (Sea  Table  V. 
page  136;  and  Piiil.  Tranf.  for  1797.) 

I  h&ve  iried  pradically  the  e Bed  of  (he  above  fijppoOlions,Eip«r!nKoiwitfc 
by  placing  fmall  white  Ipolt  on  a  dark  fphere,  which  being '  ^  '"' 
revolved  round  leprefented  ll)e  various  changes  as  nearly  as 
could  be  expelled :  proceeding  iherelbre  willi  thel'e  and  other 
con6 derations,  1  Hiall  make  ideal  drawingi  of  Ihefiar  with  ibe 
fnall  illuminated  parts  in  its  alinorphere,  and  apply  to  them 
fome  of  the  aflual  obfervalions  from  both  the  preceding  tablea, 
baving  always  in  view  that  each  period  may,  mote  or  lefs, 
require  a  difletent  difpolition  of  fpots,  !p  confequence  of  Uieir 
coofiaot  changeability. 

iji  Pirw. 
Plate  Xirt.  Fig.  I,  AB,  theflar's  polar  axit,  round  which  Vk«  of tbt  lU 
iti  rolatioH  ukes  place  in  62  days  from  C  to  D.  iii''hS^* 

C  D,  its  equator,  the  360  degrees  of  which  being  revolved 
in  62  days,  gives  nearly  5|  degrees  for  each  day's  motion ;  tha 
brighten  part  or  fpot  is  reprefenled  as  centrally  facing  ui, 
and  accordingly  (hewing  the  ftar  in  its  greatefl  lullre.  Wera 
this  bright  fpot  and  llie  otlivr  parts  to  remain  uncha/igeabUt 
they  would  after  having  completed  the  revolution  of  360  de> 
gree>,  or  62  days,  (the  ftai's  rotation  on  lis  axis,)  appear 
again  as  at  lirft,  and  at  every  return  continue  to  give  eKaS 
periodical  limes,  as  was  nearly  the  cafe  in  1799,  between 
Auguli  and  Oclubur,  (fee  Table  IX.  p.  \V2);  but  if  the  fpot 
becomes  obrcure,  and  another  brightens  up  in  a  different 
place.  Ibis  latter  will  make  the  liar  appear  at  iu  next  full 
Iplendpur  either  fooner  or  laler  than  the  teal  rotation  accord- 
fngloilspoiJLion,  thus, 

Qd  Vim. 
Fig.  I .  A  full  brightnefs  having  been  Ibewn  by  (he  fame  Aiumilr  fnm 
fpot,  it  alUrwards  lofes  its  light,  and  another  as  bright  is  pro-  ^^'  ^'Rhi 
jl     duced  J  days  motion  (or  29  degrees)  preceding  it  at  E,  f«e  .^urrmiT  ftort 
ft     Fig.  2.     This  latter,  when  turned  centrally  to  ihe  earth,  wiHl*™*- 
{•     appear  5  dat/ijtxmcr  than  the  former  one,  now  obfcured,  [her« 
L     4narked  P.)  and  (how  the  fiar  at  its  full  luAre,  making  the 
I     rotation  37  days  infiead  of  62,  which  was  the  cafe  in  1796, 
?     Ihe  obferved  revolution  between  September  17  and  Novemr 

0  buf?.    (See  Table  IX.) 

1  T2  34 


378 


3d  t 


ni  oF  too  grtiV 


Anotlut  Mufing      Fig.  3.  We  will  nnw  applj^a  cafe  of  an  inlervn 
J£iri»"T      '*^"8">.  Ihat  of  72   day.;  ihe  fp.,l  ™  alone  liavinR   fl,e 

Ihc  Har  in  its  full  ludre,  ils  ligtil  difappears  during  tlic  rct-o- 
laiion,  and  another  brighlerii!  forlh  len  Hayt  (or  Sfl  dPRrces) 
follnidng  it  at  H  j  when  m  reiorni  to  face  ui  again  in  62  ^iays 
it  being  obliteraled,  (he  flar  will  appear  obfcured,  and  no( 
iecoverilirplen'<ourunlil  the  new  briglitcntd  pari  H  become* 
central,  which  being  len  days  laier  than  ilie  pofilion  in  which 
m  was  feen,  makes  the  revolution  72  days  inftead  of  62.  a» 
wn«  obferved  between  July  Hand  September '2i,  ISOI.  [See 
Table  IX.)  In  ihe  abnv«  cafe  the  alteralioni  toik  place  while 
behind  Ihe  liar,  oiherwife  fome  rrregularitie*  would  have  been 
perceived,  a«  will  later  be  noticed,  The  fame  reafoning  wilh 
proper  alteration!  will,  I  appmhend,  account  for  the  oliior  re- 
volutions,  yet  I  (hall  foon  again  refunic  ihe  fubjefl  wilh  re- 
gard 10  A  frrie*  of  the  greateli  irre(>ulnritic« ;  al  picleni  let  us 
proceed  in  lake  a  few  views  of  the  intervals  uf  ill  lra(i  briglii- 
ncfii,  which,  contrary  (u  my  cxpeflaiion,  I  find  much  mors  ' 
difbcull  to  i-'xplain  than  thofe  uf  the  full,  although  ihe  refolts 
difagree  lefs  among  themleltci;.  The  darkened  face  of  llio 
Har  is  here  ceprefented  wkh  a  few  fmall  changeable  bright 
fpota,  placed  iu  general  at  a  proper  diddnce,  fo  as  to  keep  up 
Kn  uninteriupled  increafe  and  decreafe  of  light  willi  regvd 
In  us,  and  are  alfo  roade  to  correfpond  wilh  fevciaJ  utbcf 
obfervmioni. 

Gicateft  period       Fig   4  !*  lo    explain   the   greatefl   interval    of  74  iJayi!»  . 
«,pt.lKdibe.   between  July  illi,  and  September  If^ih  I7&S>.    {See  Table  X.j*  < 
of  lanhriihi.   The  darkened  hemifpherc  here  exhibited  in  Ux  minimain  }ti\y  _ 
Bttt.  4ih,  wilh  the  following  fpoli,  u  nearly  gone  oiT,  next  a  fmall 

one  /,  then  another  P  of  a  fimilar  tize,  preceding  ihccentre  a 
day  or  two,  (or  a  few  de^^rees,  (and  laflly  a  bright  one  al  D, , 
juft  appearing.  During  liic  rotation,  D  Io(ing  its  light  and  the 
P  becoming  iiiucli  brighter,  the  liar  at  its  next  return  in  62  day$, 
when  at  ill  tirll  polition,  mufl  of  courfe appear  much  brighter,,!' 
(Sec  fig.  5)  but  by  the  retiring  of  I  and  P  continues  lo  dimi. 
nilh  in  luDre  till  the  appearance  of  fome  large  fpol  from  Ihe  ' 
other  heinifphere;  which  taking  place  I2daysaflerwardi,  will, 
(when  this  lime  is  added  to  the  62  already  revolved)  make  ihe    < 


tm 


igtcntfi. 


days,  awequired;  fot  a  vicwof  »  fliortinfer- 
▼aJ.  for  the  prcfenl  kl  llml  olSe  dayi  bt^  laken  belween  Auguft 
Kill  and  Odober  16(h  ItiOt.     (See  Table  X.) 

5th  View. 
The  leaft  brigblners  or  nuttimion  is  reprefenlcd  bj  fig.  6,  Loll  brigttiKri. 
when  the  briglil  rpuli  y  ind  r  at  eat-h  rxtremily  of  the  equa- 
lorial  diuueter  are  mutuuily  butjuft  in  fight  and  a  minute  one, 
r  alone  on  ita  luf face  preceding  y  by  6  riay*  moiioD  :  n  n,  are 
other  middling  lized  fpots  near  t,  but  preceding  it;  they 
cannol  for  the  prefcnt  be  (een,  being  on  the  (jppi)fne  or  bright 
lienifpliere.  The  fpot  r  during  the  liars  revi>!uiion  having 
loll  its  light,  and  r  being  confidernbly  incrcafed,  the  next 
Rinimion  wiil  be  between  n  n  and  r,  (inllcad  of  x  and^.)  See 
fig.  7  1  and  by  the  retiring  o(  an  tlie  dminution  of  the  flart 
hght  wilt  continue  to  take  place  only  until  there-appearance 
of  p,  at  the  place  where;  was,  whi(h  being  6  days  fuoner  than 
(he  torioer  pofiiion,  (See  fig.  fi,)  reduces  the  rotation  to  5S 
divi.  All  the  foregoing  vicwi  aie  from  Oncnnnefled  periods, 
where  only  the  ultimate  returns  of  each  appearance  have  been 
attended  to;  but  now,  I  fliikll  examine  along  inletval  Willi 
tatay  intermediate  changes,  that  betueen  June  ISlh,  and 
September  17ih  1T96,  wherein  are  included  the  oiuH  intricata 
irregularities  and  vicif&tuJes;  thefe  oblervations  are  already 
poinled  at  full  length  in  the  Philofophical  TranlaSIon*  for 
1797,  and  therefore  can  at  any  time  be  infpefled ;  indeed,  I 
then  little  tlioiighl  they  would  ever  become  ot  further  ufe,  bat 
that  of  Haling  lafls  to  which,  however,  I  have  always  been 
wry  partial,  and  particularly  fo,  after  having  experienced  the 
advantage  of  Maratdi'i  printed  obr>.-r  vat  ions  on  the  variable 
fiar  in  Hydra,  as  It  .>as  partly  by  them  that  I  afccriaiiied  the 
periodical  returns  of  brighlnefs  of  that  Rar,  and  which  flattered 
ine  the  more,  as  Maraldi  hirafelf  had  been  lefs  fuccefsful 
In  the  attempt;  See  Phil.  Trans,  for  17S6.  Yet  in  the 
prefent  Paper  I  have  omitted  all  fuch  details,  being  aware 
they  might  be  thought  too  volumininus,  but  hope  at  fome 
future  lime  the  Society  will  honour  them  with  a  place  in  Ihclr 

.  ^a'hefirfllkeich.PlateXIV.reprefoiiL'.for  June  13, 1796,  the 
comparative  &ze  ol'  the  bright  fpots  fuppufed  to  furround  the 
ftar,  but  here  extended  at  fiiU  lengih ;  the  next  eight  (yllpwing 


L 
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Eipliaitlon  by  are  fplierical  views,  on  an  enlarged  fcale,  for  each  quaiterif, 
^  figurtt  of  rolation  or  lefi,  Hiewing  ihe  principal  cliangcs,  ai  etp»e(fed 
vmnuians  ind  >n  the  adjoining  retiiai]i«,  and  correlponding  with  ibe  obferv^- 
ir?"'^h'' V'  tions  J  Ihefe  being  taken  from  my  printed  paper,  as  already 
in  Sobielkj'i  iDCnlioned,  are  marked  in  italics.  It  will  be  leen  that  the  Ipoti 
AieU.  by  which  the  changes  ore  principally  regubted,  are  placed  at 

equal  diftances,  yet  inlerniediate  ones  might  alto  frequently  be 
inferled  without  occaiiuning  any  obje£lion,  but  that  of  render- 
ing the  explanations  more  complex. 

REMARKS  ON  PLATE  HI. 

Fig.  3.    "  June  I  Bih.  Full  briglumji  Mag.  bright  5iA,"  befof* 

«  after  which  date  llie  flat  would  appear  left  bright,  by  (he 

fpoL  £  being  removed  from  tlie  centre,  and  one  of  the  other* 

Fig.  3.  '^July  Sd,  I J  days  or  *  Tolalion  being  clapjid  fnKt 
JuiK  ]  Sth,  5lli  Mng,  a  liltle  decrtujcd"  by  tlie  removal  of  tho 
btighlef)  fpot  E,  the  h  being  much  leli. 

Fig.  4.  "  July  1 9th,  1  (i  dayt  or  \  rolalion  5.6  Mag.  fiill  dt. 
eretf/id,"  N  being  much  left  than  h,  now  gone  i>lf.     ji  Jtiglil 


F'g-  5.  "Ji'ly  '2'ith,  9  day.i  of  the  rolalion,  5  Mag.  noUr 
ittcrtaftd"  bj  the  coitjidvrable  increafe  of  X  tince  four  i»yu 
with  the  addition  of  F.  ii  Jlighi  full  brightne/i. 

Fig.  6.  ''  Au«.  'id,  7  dity>  nj  rotalion,  i,ii  Mug.  iJeertoJtd bjT 
the  going  off  ol  N,  the  K,  which  ij  now  reappearing,  being 
reduced  to  much  lefs  than  F, 

Fig.  7,  "  .i-jg.  imli,  ledayi,  nr  ir'jtiUum,  5.6  Mag.  again 
dfcrtofcd,"  by  the  removal  of  F,  by  E  being  mitch  lefs,  and  bjr 
the  h  alio  being  conliderably  diminifhed. 

Fig.  8.  "  Sept  3d,  I  b  day  or  i  rolation,  G  Mag.  fiiil  man 
dmrcajid,"  by  the  h  being  much  lefa  than  E,  which  it  amr 
going  off,  and  N  fcarcely  reappearing,  tmotltr  minnntini. 

Fig.  9.  "  S<^t.  11  ih,  14  dayiorjtear  i  rolulioa,  j  Mag.  full 
brighlncfi  entifiderably  incnajid,"  by  N  having  retained  ils  in- 
creafed  brighlneft  of  July  '27,  and  now  facing  us  centrally, 

m.  Thus  are  eiihibited,  the  two  aiorl  intervals  of  its  full 
brighlndi,  one  between  June  IM  and  July  :J7.  ol  39  dayi,  and 
Ihe  other  bctneen  Jul^  27  and  Sept.  17,  uf  d3  days.  Sco 
Table  IX. 
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Sdljr,  The  interval  of  46  days  between  Ibe  two  nuiwna  of^»P'»"''0"  '•f 

July  Id  >nd  Sept.  3  ;  See  Table  X.  Z.  ^^^,^,     ' 

id\j.  The  long  decreale  of  3S  days  between  Juljr  27  and  viriadoni  ma    ■ 

Ml ly.  The  rapid  increafes  of  3  and  14  day  i  between  the  l^lnSotiiclki'i 
■nd  «7lh  of  July,  and  the  :id  and  nth  of  September,  ''''''''■ 

At  alfo  tlie  aiher  interniediale  changei,  yet  I  mull  again 
repeat,  particularly  as  a  tew  days  eiror  may  occalionally  pro- 
ceed from  the  obfervationa,  that  b)  Ihefe  Iketehea  it  is  not 
mennt  lo  give  eMaf)  drawing)  of  the  fize,  dilianuc;  or  altera- 
lions  of  the  fpols,  but  merely  lo  Ihew  hour  the  changes  may 
take  place,  as  i  believe,  nothing  of  the  kind  has  hitherto  been 
oflered  to  the  public,  either  with  or  without  corroboraling  ob- 
fervations;  nor  do  1  preliime  to  think,  that  the  explanation! 
are  the  only  ones  or  belt  can  (hat  be  imagined,  tike  mure  To,  I 

Bt   ihey    foiely    refer    (for   greater    fimplitity)    lo    the    flat*!  j 

e((ualor,  while  potTibly,  were  the  fpoti  placed  in  a  norlliernor  , 

foulhern  latitude,  ur  permanent  ones  near  the  polet,  or  were  a 
proper  inclination,  given  to  the  polar  axia,  they  might  be  more 
lalixfaflory :  however,  the  material)  ihemfelvei,  the  obfen*- 
titmt  and  dtJu£lions  will  1  flatter  myfelf  ever  be  acceptable,  and 
contribute  lo  laciblate  future  conjeflures,  which  from  an  allow- 
able analogy  may  extend  lo  fimilar  pans  of  the  flarry  fyftem, 
with  regard  to  the  probability  of  ellahlilhing  whether  any  of 
Ibe  mod  irregular  or  particular  changes  may  not  rc/iirn  at  Jlit 
ptriod.1t  or  after  a  certain  number  of  rotations.  I  think  we  can 
entertain  but  flight  hopes  of  i(,  owing  to  ihe  grmt  fiufiualionof 
the  luminous  mailer,  as  Ihewn  by  ihe  perpeiual  varying  of  the 
appareiii  revolutions,  magnitudes,  &c.  See  Tab.  IX.  X,  and  VII. 
Still  >  t  is  natural  lo  fuppofe,  that  Ibme  parts  of  the  aimofphere 
of  ihi*  Rat  may  have  a  le(s  tendency  ihan  olhcrs  lo  become 
lurainuut,  fo  as  ID  promote  at  different  time.<,  hniilar  appear- 
■Dces ;  and  indeed  thai  is  (Irongly  indicated  by  ihe  intervaii  of 
llienunima  being  tar  MO/vr^gufar  than  thofe  of  llieJuU  brigklneji, 
which,  with  other  reafons  induce  us  to  fiifpeA  even  that  one 
of  itt  hemifpheres  is  lefs  favourably  coniiiluled  or  qualified, 
-than  Ihe  other  fur  ihe  generating  of  ihcle  particles,  allhougk 
they  do  occalionally  encroach  on  both  lidts,  as  appears  by  Ills 
ohfervalions  heiween  June  and  AuguH,  See  Pliil.  Trans,  for 
1797,  or  the  eighl  Ikelches  of  ITtfi",  and  likew.l.^  in  1797,  fee 
iTab.  VII,  when  during  f/irK»toMf'i>  it  waa only  reducod  to  the 

i  or 
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5  or  6  Mag.  by  which  ihe  degree  of  liriglitne^Ft  thai  furrounded 

Chwcubk  Ran  ii,  mud  have  been  neatly  equal :  bnd  ilie  caufei  of  varjiiif;  il* 

J^^^j^JT'  •""  light  then  ctafea,  it  would  ever  havo  «.r.iinu«l  to  a|>pear  ■>  an 

unchangejbfe  flar  of  tlit;  5  or  6  Mag.  anJ  f.ieh  is  the  cafe  of 

favviai  oUKts,lhal/aniicrlj//iave bttnrariables,  bul  for  many  years 

reiain  a  fleady  brif^lilneft,  hk  &  G-.-minoru<rt,  I  Urfx  tnajorji, 

■  Drac-onis  and  pediapsihai  inlh^Swaii'tbreaf],  whil«olher<, 

ud  othtn  dif-    millet Jheaing  thtir  chains,  hawo  eMirely  difiippearfd,  owing  to  k 

tffoi.  i^i^i  ^f^p,2g„  fj{  |ig},t^  g^  n^^   ramuus   one  in  CalDopea,   tn 

Serpeniariut  of  i60i,  that  n^r  Ihe  Swan'^  head,  and  doubllefs 

Tbcnnuirbc     many  more.     Does  not  this  induce  ui  lopiefmnc  that  ther* 

**"'         ateaifo  olben,  that  liavc  nertr  Jhfwa  a  glimple  of  brighlnefi  f 

Lallly,  new  varial/lcs  may  become  To  at  dilleieiil  periods,  bj  aft 

tinufual  and  partial iDCieaf):  iirdiminution  of  their  bright  pattSf 

as  not  unlikely  was  the  cafeol  oCeli,  Algol  »  Hertalis,  &c.  for 

ihefe  lists  being  by  times  very  confpicuous  their  change*,  had 

tliey  been  alwayi  equally  great,  might  have  been  caljly  noticed 

by  the  ancient  aDroiiomeii,  who  obferved  only  with  the  nakti 

tyt.     A  few  lines  above,  I  tnenitoned  the  probability  that  lber0- 

exitled  prinuiry  iiivitible  bodies  or  uneuiightcned  ftan  (if  1  may 

be  allowed  the  exprctTion)  that  have  ever  remained  in  tiemA 

darkatji;  how  inimcrou*  thele  may  be,  can  never  be  known* 

pethapi equal  in  Would  it  then  be  Ion  daring  or  vifionary  to  fuppofe  their  nun^ 

vIGbIc  onn.        ^"  equal  to  Ihofc  endowed  with  li^hl  i   particularly  when  we 

lake  intoconleniplaiion  the  ample  let  of  bodies  vifible  only  bf 

reflected  rays,  ilial  uppenain  in  our  own  lyfli^m,  fuch  as  ib« 

planets,  alleroidei,  cumetx,  and  faiflliles.     Do  not  tliefe,  ak 

though  but  of  a  fecondary  iiaiurc,  lead  u-i  to  venture  on  thi 

foregoing  more  enlarged  coiijefluie ;  and  moreover  lo  fufpeA, 

that  the  enlig/iteniU  Jlari  are  ihufe  that  have  already  attained 

the   htgheli   degree  of  perfeclxin?  granting,   ilicrefore,  fuch 

multitudes  do  really  exit),  clufletR  of  them,  by  being  collefled 

lugelhcratin  Ihe  milkyviay,  mull  intercept  all  more  diDant 

lays  and  if  free  from  any  intervening  lights,  they  would  apt- 

pear  at  durk  jpaccs  in  the  heavens,  limilar  to  what  hai  been 

obferved  in  Ihe  Southern  Hemifpheie.     That  fo  few  of  iheb, 

obfcure  places  ate  perceived,  may  be  attributed  to  tlieir  being. 

.obliterated  by  the  prefence  either  of  foine  Itattered  flan, 

of  other  Hight  luminous  appearances. 

Oi»r  (on,  I  have  thus  fully  inveAigaled  the  nature  of  this  dlllant  fu», 

UKUwJiuSIS'*  '^"S'c  ""^  among  many  million*,  and  fcarcely  percepliU* 
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r  fodie  fight,  yet  or  no  leTi  importance  ihan  Oiir  own  ^atftl 
laminar}.  But  ouro  is  Hill  fupplied  abundnnily  wiili  n-fplcn- 
drat  particles  <*liil«  SotiieJki's  variable  flar  1ia>  tlicm  mod 
rparMigly  difperfcd  over  iin  fpliete :  a  fcmtinel's  lliat  spparetilly 
mnft  occafion  1»  iia  fortimnding  plaiic(«,  conOanl  »iciliiiude* 
vf  utmritiii  (lorknt-^,  and  repleiion  of  light  and  heal.  How 
far  more  enviable  fccnis  our  filuation;  I  meRn  ihtl  whid) 
weenjnyat  ^irefenl;  lliere  b-^ing  flrong  rearuns  to  believe, 
UmI  Ihe  fun's  luinlnou*  appearance  h»  been  at  lime*  confi- 
ilerabty  diminiOied ;  nnd  I  have  little  helitation  in  conceiving 
thai  tt  may  eiro  be  reduced  al  foni«  future  period  to  Tmall  fhoujh  !i  0M7 
palchei,  and  then  tiie  appafcnt  irregularities  of  it*  periodiral  \-,^i^,"^, 
rotations,  which  at  ptcfent  are  only  perceived  bv  the  obfer- 
vations  of  (rilling  dark  fpol*,  would  become  evidently  confpi- 
Ctious,  particularly  when  Teen  al  a  ditlance  as  remote  ai  the 
MriaUe  (tars  are  rrnm  us.  But  fucli  conjectural  flights  of 
fancy  cannot  too  loon  be  dropi.  I  therefore  (ball  coficlode 
%*i(ii  obferving,  that  thefe  inquiries  on  the  alleiaiiont  of  light 
of  the  ftmri  have  been  fo  liille  difcuflbtl,  that  it  ii  10  be  hoped 
(bey  will  not  be  dil'conlinued ;  and  although  1  have  already 
troubled  the  Society  with  many  papers  concerning  fu^-h 
change),  1  neveithelefs  propofr,  ere  lonp,  having  the  hftnoui 
of  prefenling  lliem  ivilli  one  more,  nioft  probably  my  laft,  on 
ti)is  fubjea. 

EDW.  PIGOTT. 


Account  of  n  Luminous  Mtteor.     By  a  Constant  RsADak, 

To  Mr.  NICHOLSON. 
SIR, 

riAVING  foundit  frequently  Aaled,  that  it  might  be  urefu],D<rc>ipt'K>a of 
fliould  every  one  who  has  a  fair  opportunity  of  noting  with  ■'*  '^""^ 
reafonaUe  accuracy,  the  courfe  and  altitude  of  meteors,  de{-f,f\„„'^tt.,^. 
rribe  their  appearances  as  well  as  tliey  are  able  ;  I  (end  yuu  °^>  mccMr. 
the  following  account  lo  make  what  ufe  of  you  pleafe. 

Laft  night  (Sunday  the  2J(I)  paffing  along  the  Strand,  I 

flopped  al  the  door  of  the  Crown  and  Anchor,  (he  vacant 

fpace  before  it  lately  cauled  by  the  pulling  dowo  of  boures 

oHering 
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Dcfcilpiian  of  oflering;  a  conlideroble  view  of  (he  heaven*,  M  Ihat  tii 
the arpcanncc,  fplend id  With  ftars :  I  was  looking  wilh  allenlion  towards 
CDutlFt  and  * 

4<ititianafi  ^'-  W-  when  Tuddenly  a  meteor  from  about  35"  of  lieif 
lummouiOK-     fliot  from  ihe  W.  by  N.     It  was  apparently  about  the  (iw 

a  tennis  ball,  perhaps  hardly  fo  large,  it  was  followed  by  ■  1 
Dream  of  light  which  Teemed  in  Tpecks,  (lie  length  of  the  irua  ' 
wai  about  a  degree,  iliat  is  about  twice  the  apparent  diametet  < 
ot  Ihe  moon.     Its  courfe  was  from  North  of  Well  toward* 
the  North,  pafTing  about  10°  below  the  of  the  Great 

Bear,  which  1  Judge  was  (hen  about  ^a"  above  the  horizoou 
Its  notion  wb«  majeflic,  by  nu  means  rapid,  I  am  fure  it  wai 
full  ten  feconds  in  motion,  the  light  not  fo  piercing  as  that  of 
a  flar  of  the  HiR  magnitude,  but  exceeded  that  of  Ihe  fecond, 
with  which  I  had  lull  opportunity  of  comparing  it.  It  rm 
through  30°  of  the  heavens,  defcribiiig  an  arch  of  great 
diameter,  its  path  was  convex  above,  and  declining  downr- 
wards.  The  exlinflion  of  it  was  at  an  altitude  of  about  25^" 
having  fallen  certainty  not  more  than  10",  I  do  not  ihinlcAl^ 
much.  It  very  vilibly  Aopped  before  it  was  extinguiDiedi ' 
It  burll  at  tall  with  very  few  fparks,  and  its  tram  and  ilMf* 
tugetliet  difappcared  in  a  moment.  I  had  perfeft  [eLfure  aaf 
fpaee  to  obferve  its  whole  courfe,  it  expired  below  the  fecond  ( 
pointer,  I  inllantly  drew  out  my  walch,  and  comparing  it 
this  morning  with  Ihe  clock  of  St.  Paul's  Cathedral, 
esafily  at  thirty-one  mioutei  after  eleven  that  1  obferved  ih* 
end  of  the  phenomenon. 

I  a;n,  Sir, 
Your  mod  ohedient  humble  Servant, 
A  Constant  Ri.ioilt. 
Mwirffly.  My22<i,  1805.  > 


{ 

Preeipilation  df  Plalina  at  a  Cnvtring  or  D^finrc  la  polifif^' 
Sucl.  ami  alfii  to  Brajs.    In  a  LctUr/rom  Mr.  J".  StodakC, 


To  Mt.  NICHOLSON'. 


DtAHSiR, 


1    I  OU  kindly  favoureil  me,  by  infertJng  in  the  laft  Namb# 

"  of  joui  ckceltcnl  Journal,  dti  account  of  a  method  I  han 

■i  Hied 
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■fed  witli  Tavcers,  for  gildjnf;  poliOied  Rtxl  wilfi  gold;  per- 
Upi  it  may  be  worth  knowing,  lliat  a  very  limiiar  procefa 
a»y  be  peirormed  with  plaiina.     That  metal,  in  a  Aale  of 
folutton.  in  taken  up  from  the  acid  by  agilalion  with  ether,  iti 
the  way  tli»t  gold  it,  though  certainly  with  Ids  avidily.     The 
ethereal  folution  of  plalina  afforded  by  this  procelk,  !t,  like 
that  of  gold,  depofitedon  the  furface  of  polillied  iron,  or  fleel,  "'' <^°«''™'" 
forming  a  coat  ot  detence  (torn  ruft.     It  h  perhaps  a  fafl  ot        ' 
eijual  tmporiance,  that  the  Turrace  of  polithecl  btali  is  coated 
with  pUiina  by  the  fame  operation  that  fleet  is ;  namelyi  by  lai  ilfb  braft. 
plunging  the  brafs  for  an  inflanl   into  the  ethereal  folution. 
A«  far  as  1  know,  thefe  fafls  have  not  hitherto  been  noticed  : 
on  the  contrary,  authors  highly  relpedtable,  have  from  ingeiii- 
OQ*  and  well  condufled  experiments,  been  led  to  conclulioiis 
very  oppolile  to  ihole  I  have  advanced.     Dr.  Lewis,  to  whote  Dr.  Lcwis't  ei- 
genim  and  indullry  the  arts  are  much  Indebted,  fays,  "  g*>'d  J^^"",^^  * 
is  the  only  one  of  the  known  melali  which  the  ether  lakes 
from  acids ;  and  hence  this  fluid  affords  a  ready  method  of 
difiinguilbing  gold,  contained  in  acid  folulions."    The  fame 
aalhor  gives  the  following  experiroenl.      "  Sulphuric  elhct 
was  poured  into  a  folulion  of  ptalina,  and  into  a  compofition 
of  platina  and  gold.     The  vials  were  flopi  and  Hiaken,  the 
ether  received  no  colour  from  the  folution  of  plalina,  but  be- 
came inflantly  yellow  from  that  of  the  plalina  and  gold." 
The  only  way  in  which  i  can  account  for  Ihefc  refulls,  fo  con> 
Irary  to  my  experience,   is   by  fuppofing  that  the   plalina  with 
which  Dr.  Lewis  made  his  experiments,  was  not  fo  pure  ms 
that  with  which   we  are   dhw   lurnifhed.      What   1   ufed  was  prabibty  beciuCi 
pari   of  an  excellent  malleable   bar,   its  fpecific  gravity  1   do .''"  *''"'"  *" 
not  exadly  know.     I  am  inclined  to  think  it  was  quite  pure. 
The  ether  was  furnilhed  by  my  friend  Mr.  Hume,  wliom  I 
am  again  happy  to  thank  for  his   kind  and  able  affiflance. 
The  etheretil   folulion  of  platina  is  of  a  beautiful  pale  yellow 
colour,  does  not  at  all  fialn  the  hand,  and  is  precipitated  by 
vnlalile  alcali.    The  precipilale  I  have  nol^Jcamined.    It  may 
be  fulminating,  and  1  have  no  relilli  lor  ixplofiuns.    The  cost 
of  plalina  on  flcei  is  ol  a  dull  white  colour,      t  have  no  doubt  Theplitlnft 
of  its  proving  tfuile  as  good   a  defence  from  ruft,  as  the  coatf^''"^"^'* 
of  gold.     It  is,  however,  b)  no  means  fo  beautiful ;   fur  which  gold, 
reafon  a  preference  will  probably  be  given  to  the  laA  named 
metal.      1  liave  ufed  both  tiie  gold  and  plalina  in  coating 
different 
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differenl  paf(»  of  (he  fame  tnllrument.  The  cffefl  produced 
by  ihc  conlrBft  of  colour  is  very  beautiful.  \Vhciher  my 
of  thefe  obfcrvaiions  may  be  wDrlli  com iwunica ling  through 
Ihe  medium  of  your  mod  ufeful  Journal,  it  a  quei^ion  I  btg 
leave  lo  fubmit  enltrely  to  your  judgmcnl,  1  liave  nut  tried 
any  of  ihe  cfTenlial  oils  wlih  lolulron  of  platina  j  further  ex- 
periments vvill  probably  be  made  wiih  Ihefe  metallic  rolulions, 
by  thofe  who  have  more  lime,  and  a  better  knowledge  of 
Ihefe  fubjefU.  Such  purfulii,  when  the  rt^fjll^  are  frankly 
communicated,  promifc  lo  benelii  fcicnce,  and  mud  ulliniotc- 
ly  prove  ulcful  to  fociely. 

)  remain  with  much  rcfpeft. 

Dear  Sir,  your  obliged  Servant, 
J.  STODART. 
Strand,  Jul^  2  i,  1 S05. 


MiperimerUi  m  iroolu    By  Mr.  David  MxitmiT.    From  ikt    ) 
PhUoJ'ophieul  Tranj'a&ioia,  1803.  | 

(Condudej  from  Pigt  I'H-}  ' 

Forging  No.  2. 

>."  V^NEIialFof  this  cake  wag  heated  lo  a  fcarlet  Oiade,  andput 
E  culling  cliilTel;  il  was  at   firft  llriick  lightly,  then 
reheated,  and  cul  comparatively  foil ;  but  a  fmall  crack  had     ' 
over-run  the  progrefs  of  the  chilTel,     iK  fol'im^fs  in  cutiinj{    ^ 
W»  attributed  to  an  evident  want  of  loliditj .     The  olhtr  half      i 
cake  felt  harder  under  the  hainmer,  but  proved  afterwardt 
fpongy  throughout  the  mafs.     In  the  aft  of  cutting,  a  loofe     ; 
pulverifed  matter  was  difengaged   from  fome  of  the  celU^     '• 
poflelTed  of  a  Ihining  appearance.  '     I 

The  frafiures  obtained  in  confeifuence  of  the  divjfion  of  the    J 
lulf  cakes,  prefenied  a  flallifh  cryllallized  appearance,  mure 
nfembling  very  while  call  iron,  than  Heel  capable  ot  being     i 
extended  under  the  hammer.     One  of  the  middle  cuts  wa« 
CDtirely  cellular  with  cryflallized  interiors,  and  incapable  of    { 
drawing  ;  the  coirelpoiiding  cut  of  tlie  other  half  c 
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drawn  into  k  rirail  bar  three  qiiaiters  of  an  inch  Id  breadtli, 
and  lliree^ighihi  I^Jck,  but  was  covered  wilh  cracks  and  Bawi 
from  end  to  end.  Tlie  colour  of  ihe  break  whs  one  (hade 
lighter  Ihan  No,  1,  it  (ore  It-fs  out.  wat  equally  yolky.  and 
poiTcfled  Oil  Ibe  whole  an  afpefi  very  unfavourable  for  good 
fteel. 

Tlie  other  two  outfide  quarters  were  alfo  drawn  into  Ihape, 
one  under  the  lilt  hammer,  and  the  oilier  by  hand.  Thefe 
uere  tnore  folid  in  the  ftaflure,  poirelTed  fewer  fucface- 
cracks,  (food  a  higher  degree  of  heat,  tore  out  more,  and  ex- 
hibited a  filky  glofly  grain,  at  leafl  two  (hades  lighter  in  the 
cutoUT  than  the  centre  pieces 

Forging  3d  Caie. 
Onelialf  of  lhi<  cake,  firH  fubjefted  lobe  cut,  wat  found  Appciranco  a 
fijf'ler   than   any   of  ihe   preceding,   arid  exhibited  no  fjmp-  "8'"* '^" 
lom   of  cracking.     The   other  half  was  cut  at   three  tieatf, 
but  found  lo'ife  and  hollow  in  tlie  cxlrenie.     A  confiderable 
portion  of  ihe  fame  brilliant  powder,  Ibrmerly  noiiced,  wb« 
here  again  difenjiaged.     It  was  carefully  taken  up  for  eNami- 
nation,  and  found  to  be  very  fine  ore  of  iron  in  a  pulvt-refcent 
fiale,  very  obedient  to  the  magnei,  and  wilhuul  any  doubt  an 
urtmetatlized  portion  of  thai  from  which  woolz  is  made, 

T^ii  cariou*  circumfldnce  led  me  to  examine  everj'  pore 
and  cell  throughout  (he  whole  fragment;!.  On  ihe  ufper  fur- 
lai-e  of  two  of  Ihcm  I  found  fmall  pits  conlarning  a  portion  of 
the  ore,  which  had  been  (lightly  agglutinated  in  the  fire,  but 
Rill  highly  magnefic.  The  upper  furlace  of  the  prefent  cake, 
clofe  b)  the  gate  or  feeder,  contained  a  large  pit  filled  with  a 
Dralum  of  femi-fufed  ore.  furmounted  by  a  maf?  of  vitrified 
matte;,  which  bore  evident  marks  of  containing  calcareous 
earth. 

Thofe  who  have  devoted  fufficicnl  attention  lo  Ihe  affinrtie* 
of  iron  and  earths  for  carbon,  will  be  furprifed  lo  find  thai,  on 
this  particular  fubjef),  the  rude  lai>ri[-auus  of  Reel  in  Hindoflan 
have  got  ihe  dart  of  our  more  polillied  countrymen  in  the 
manufaflitre  of  Reel. 

Two  bar"  of  wool z  were  formed  from  this  cake,  and  Ihefe 

in  point  of  qjalily  interior  lo  any  of  thole  formerly  produced. 

The  appearance  of  Ihe  metal  was  more  varied,  lefs  homoge- 

i       neous,  and  contained  more  dinioc)  laminx  with  rully  furfsces,  I 

I       (hMi  .either  of  the  two  lonuer  cakes.  J 
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It  appearMl  liighly  probab!?,  from  itwobrervalions  that  ob 
curred  in  foiging,  and  in  ihc  exaniinstion  uC  i!ie  cake,  Ihat  lbs 
original  proporlxin  of  mixliirp  via*  fuch  w  wuuld  have  fornied 
a  (|ua!ily  of  llccl  lofler  ihan  No.  I  and  2 1  bul  ai  tteel  of  tuch 
fttinel'ii  re(]uirei  a  greaicr  Iwai  lo  fulo  it,  than  when  more 
fully  Taluraied  with  Liirixinaceuui  mailer,  it  is  probable  Ihal 
fhe  furnare  lisd  not  been  fiifficieiilly  powerful  lo  occa5un 
oomplf  le  fufton  i)f  the  aIidIc  mafii,  and  generate  a  fleal  homo* 
gencous  in  all  its  parts.  j 

Fori-ing  ^k  Cake. 
Appeinncci  on        ^°*^  balvei  of  lliis   cake  cut  pleafaiill)',  and  with  a  degiee 
nirpnE  ihe  cjke  of  lenacily  and   refiflance,  mixeil  at  the  (ame  lime  with  fofu 
•'"""•""•^'nefs  beyond  what  wa*  experienced  in  any  ..f  the  fofroercakci. 
Two  quailen  of  this  cake  were  drawn  under  llie  lilt  hamaier, 
aiul  one  by  hand.     The  refulihig  bats  were  nearly  perfed.    1 
A  lliglil  fcale  was  ubl<.-ivabl<i  iip<iii  the  bar,  from  ihat  quarter    : 
which  conlained  the  ligure.     The  frafiure  wai  tolid,  though    i 
tuii  liomngeneou!^  ai  to  qitaUty  and  colour,  and  it  appeared 
preUy  evid<.'ni,  that  a  conliderable  portion  of  one  Ude  throogb    | 
(he  whole  bar  was  in  Ihi:  liale  uf  malleable  iron,  and  of  courfe 
not  capable  of  being  hardened.     Il  was  a  fubjed  of  confider- 
flble  regret,  that  the  c-ake  the  moll  perll'fi  and  ihe  mofl  tena* 
ciuui  of  ihe  whole,  in  the  procefi  of  forging,  (hould  get  an 
inipeif«^ii)n  which  r^nderedit  ufelcls  for  the  petfefi  putpoiei 
ul  fleel. 

Forcing  5th  Cake, 

jlpHBMcei  on  "^^^  ^^^  ''""^  °'^  ''^'^  cflko  cul  uncommonly  foft  for  wool^ 
ftitingilie  cake  but  by  cracking  befnre  ihe  chilfcl  Hill  exhibited  «  want  of 
etvMU,  NO.  ;■  p,Qppf  tenacity.  The  next  half  cut  equally  foft,  but  with  more 
lenacily.  Two  quarters  of  this  cake  drew  readily  out  undef 
the  lilt  hammer,  and  a  third  was  drawn  by  hand  at  a  bright 
red,  fotnetimes  approaching  lo  a  faini  white  heat.  None  of 
the  ban  thus  obtained  were  uniformly  free  from  crackt  and 
fcale,  although  the  fracture  exhibited  a  fair  break  of  a  light 
blue  colour,  and  the  grain  was  diflinflly  marked,  and  free  fron 

Gtneral  Rtniarka. 
Kemarki.  The  formation  of  wootc  appears  to  me  to  be  in  confeqiietiOQ 

^^'(hPt"  ■*'f '''^  fu6on  of  B  peculiar  pre,  perhaps  calcareous,  or  rendered 
tuA  of  1  pccu.  highty 
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higlily  (t>  by  mixture  of  calcareou*  ««r(h  along  wilh  a  por.  liir  nn  AiM^ 
(iunol  ca[bMiac«nu<  mailer.     Tliat  Ihisu  pcrrurmed  in  a  cf»j'  '^^i'"^"^** 
M  otber  velTel  or  crucible,  is  ei^ually  prerumable,  lu  whrch  ihe  vciTdi 
{eparaleil  in«ial  is  allowed  to  cqdI;  hence  ihc  crydallization 
thai  occupict  ihe  pin  and  celli  found  in  and  ujwn  ihu  under 
Df  rounded  fuilace  of  liie  wools  cake«. 

The  want  of  homogi^nily,  and  of  real  Iblidity  it>-  almoR  ''J '"  •>"'"« 
every  cake  of  wooiz.  appeari  to  me  to  be  a  direfl  confetiuence  g'^'fufion" 
of  the  want  of  lieat  fufHciently  powerful  lo  etfeSt  a  perfefl 
redufiion;  what  lirenglliena  lliis  ruppolilion  much  in,  tlial 
Ihofe  cake*  that  are  the  hardefl,  i.  e.  tliat  contain  llie  grealefi 
quantity  of  carbonaceous  matter,  and  of  courfe  Ibrm  liie  moft 
fdlible  Heel,  are  always  the  mod  folid  anil  homogenioui.  On 
the  contrary,  tliofe  cakes,  into  whicli  the  cutting  cliilTel  moll 
cafily  finds  its  way,  are  in  general  cellular,  replete  with 
laniinx,  and  abound  in  veini  of  malleable  iron. 

It  i»  probable,  had  the  native  Hindoflan  the  meun*  of  ren-  *''i'^''  »  *^ 
dering  hit  cart  fleel  a^  (luid  as  water,   it  would  have  occurred  j,a!  not  cA  ia 
lo  him  to  have  run  it  mio  mould*,  and  by  iliis  means  have  mauldi. 
acqiured  an  article  uniform  in  its  quality,  and  conveuient  I'ur 
thofe  purpofcs  to  whicli  it  h  applied. 
-"     The  hammering,  which  i«  ei-idetit  around  ihc  feeder  and 
Vpon  tlie  upper  (arlacc  in  general,  may  thus  be  accounted  for. 
When  Ibe  cake  Is  taken  Iruni  the  pot  or  crucible,  Ihe  feeder 
will  mod  probably  be  H'ghily  elevated,  and  the  lop  of  the 
cake  partially  covered  wilh  finall  malTes  of  ore  and  flet'l  iron, 
whicli  Ihe  paucity  of  the  heat  had  [eft  eithtT  imperfecily  fepa- 
raied  or  unfufed.     Thele  mol  probably,  loniake  the  prudud 
wore  marketable,  are  cul  nil*  at  a  fecond  heating,  and  the 
whole  furface  iiammered  fitiixith. 

I  have  obferved  the  fame  fafis  and  fimilar  appearances  in 
Operations  of  a  like  nature,  and  can  accuuni  lalisfadorily  for 
it  ai  follows. 

The  fir/i  portions  of  melal,  that  are  feparaled  in  experi- 
ments of  this  nature,  contain  ihe  largell  ll)are  «l  the  whole 
carbon  introduced  into  the  mixture.  It  follows  of  courfe,  lliat 
an  inferior  degree  of  heat  will  maintain  this  porlion  of  pieial 
in  a  flale  of  fluidity,  but  that  a  much  higher  temperature  is 
TcquiGle  to  reduce  the  particles  of  melal,  thus  for  a  feafon 
lobbed  of  llieli  carbon,  and  bring  them  into  coaiafl  vritti  the 
portion 
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linrtion  ftift  rendered  fluid,  to  receive  (heir  proporlion  oT  (M 
(leely  principle.  Where  the  licat  is  languid,  liie  defcenl  of  iha 
la(t  portions  of  iron  ii  fluf^gtlli,  itie  mafs  belriw  begins  lo  lofs 
ittfiaidiiy,  while  ititdilpolilion  for  giving  out  carbon  i«  reduced 
by  the  gr^ual  addition  of  more  irim.  An  ai-vumuUlion  laket 
place  of  melallic  malfu^  of  various  diameters,  ritini;  Up  fof 
half  an  inch  oc  more  into  the  glafs  thai  coven  the  melal]- 
ihefe  Bie  neatly  welded  and  infcrted  into  each  other,  and 
diminilh  in  diameter  as  ihey  go  up.  The  length,  or  even  lh« 
exigence  of  this  feeder  or  excrefcence,  depends  upon  the  heat 
in  general,  and  upon  its  lenipe.alure  at  diilerenl  periods  of  Ihft 
latne  proceft.  It  there  Iws  been  fuRicienl  heal,  the  rurfaca 
will  he  convei  and  uniformly  crylialline;  but  if  (he  heat  hal 
been  urged,  after  the  feeder  has  been  formed  and  an  affinilf 
eftablilhed  between  it  and  (he  lleelified  laaU  below,  it  wiM 
only  partially  dilappear  in  the  latter,  and  the  bead  or  part  of 
the  upper  end  of  the  feedctwill  be  found  fulpended  in  ihs 
glaft  that  coven  the  fleeL 

The  fame  or  fimilar  phenomena  lake  place  in  feparatinj( 
crude  iron  from  its  ores,  when  highly  carbonated,  and  dfft' 
ficult,  from  an  excefs  of  carbor,  of  being  fufed. 

Tlia  divifion  of  the  wootz  cake  by  the  manulaAurert  of 

Hindullani  I  apprehend  is  merely  to   facilitate  its  fubfeqi 

application  to  tbe  purpofci  of  the  artitl ;  it  may  ferve  at  tbs' 

fame  lime  as  a  leli  of  ihe  iguality  of  the  fleel. 

ExpeiimenU  n        Toafeerlain,  by  direfl  experimeni,  whether  wootz  owed  illf 

■ftcrtiin  tl>c       hardnel'i  to  an  extra  quanlily  of  curbon,  the  following  expOi^ 

Dinl^it  of         riraenis  were  peiformed  with  various  portions  of  wootx  df 

(vboB  in  woMi,  common   call   &ee\,  and  of  while  crude   iron,  premidng  (hit' 

rftadic^Jri^e. '"  "pe"lioi>s  with  iron  and  its  ore.,  I  hai^e  always  found  (In 

bvn  tiat  glifi,  comparative  meafure  of  carbon  tied  arcettBined  by  the  qoaiM 

lily  of  lead  which  was  reduced  from  flint  glafi, 

1^  Cate.  GiiUm. 

FragnientB  of  wootx        .         .        .        -        - 

Pounded  flint  glafs  three  limes  the  weight        ■  I 

This  mixture  was  expofed  to  a   heat  of  160°  Wedgwoo4i 

and  the  wootz  fuCed  into  a  well  cryflallized  tpherule  of  fti 

A  thin  crvft  of  revived  lead  «a8  found  below  the  wootz,  wfc 

weighed  9  grains,  of-^Ve'e  ">*  weight  of  wootz. 

2d  Cak^ 
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24  Cake.  0«ni: 

VhigmenU  oF  wootz        •        •        •        «        -80     tet^ci^uicarw- ' 

JFliM  fflafs,  fame  DFoportiOR  a<(  above        -        -  240      •fcertriathfi: 
o       '             I      r  coni|Mr4uve 

TtofafioB  of  the  mixture  in  this  experimeAt  was  produQive  meafure  of 
of  ■  aiafs  of  lead  weighing  10  grainsi  equal  to  -l^h  the  w^dight  f*'**?"  *>"  woot«, 

of  liiewootS.  of  teid  t  reduce* 

from  flint  gUu 
Zi  Cake.  _ 

£mgnMntt  of  woots       «       •        «       ^       -       75 
Ftim  ghfii  .        -        .        •        .        .  225 

Tbo  mail  of.leid  precipitated  beneath  the  (leel  inthis  «Xa       .  . 
IMriaont,  amounted  to  9  grains^  or<  V99  the  weight  of  tho 
ipbjped. 


4rt  Cake.  ; 

,  .  .       ..  ■• 

Fragmeiits  of  wootz         •        •        •       •        «        93 

Flint  gla(s    *        «        ..        .«•'       27d 

.    Leod  obtained^  precipitated  from  the  g1a(s  by  meabs  of  the 

carbon  of  (he  woots  l\\  graini,  equal  to  1^^  the  weight  of 

the  wootz* 


•      • 


5th  Cake. 

Fngmeots  of  wootz        •       -       ii       *       •       69 
.     FUptgl^fs  .        .      ,.        ^.       .        .  207 

The.  lead  revived  in  thit  experimetit  amounted  to  7  gratm, 

wbicb  u  eqoal  to  4^^  ^^  weight  of  the  wootz. 

'     .1         •  ' 

eth.  Cafi  Steel  formed  xuith  -^thpartafiu  Weight  qf  Carfwi.  • 

Fragment!      ••«-..        -90 
CryiWglaft        -        -        -        -        ^        -         '270 
Lesul  revived  8|  grains  equal  to  t|^^  the  weight  of  tho 
fteel  introduced. 

7th.  Jfltitc  caft  Iron  dropt  while  Fltti^  into  Water. 

Fragra^n '    -       -     10S 

•    Ci^ffailglafs        -        -        ^        .        •        ^-^       309 
'  '  Thd  fefiori  df  this  precipitated  .23 1  grains  of  lead  which  Is 
^^41^  ^Ot?A  ^  weight  of  the  call  iron. 


f-:' 
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Utcapitulatior^  ^  thejk  Experimend. 

lUMpimliriooaf     f  ft  cak% of  w#otz  revived  of  lead  •         •        »IS9 

tliefsr«in*»^      M?  ditto  .  .  •         ...        il25  - 

•    Sd  diUo  •  .  .  •  .      ,h20 

4(h  ditto  .  <.  i«  -:       »i56- 

5th  ditto  ...  ...      .;,KMI.. 

Steel  containing  ^\f  of  its  weight  of  carbon       •        .094 
Caft  iron        •  -  *  -         •  .  -        ,228 

yffooiM  containt  ItM*ouU  appear  to  fefult  lirom  Ihefe  «xp«iiiiitnte,'tfaat  <»qoU^ 
JS?r'****"ind"'  *^<^**"^*  *  greater  proportion  of  carbenaceeut  maUeivthao  the 
ktithaacaft  flommon  qualities  of  caft  ileei  in  this  country,  and  that  feme 
iroA.  fMLrttcubr  cdces  approach  confiderably  to  the  natu(#  ef  eaft 

iron.  This  circuro(Uince,  added  to  the  impeffeA  fiifien  Jifliick 
generally  occurs  in  the  formation  of  wootz,  appear  to  me  to 
be  quite  fuflicient  to  accoonc  for  its  refradory  nature^  and 
unhomogeneout  tcxtere.  -  -  . 
lu  ore  IS  pro-  Notwithftanding  the  many  imperfecliens  wkh  whkh  wootz 
hab\rvcYy  ex.  j,  loaded,  it  certainly  polTelfes  tl)e  radical  principles  of  good 
Aeel,  and  imprefle^  us  with  a  high  opinio»  of  the  ere  from 
^luch  it  is  formed. 

The  poiTeflion  of  this  ore  for  the  fabrication  of  fleel  and 
bar  ironi  might  to  this  country  be  aii  objed  of  the  higheQ 
iirtportaiiee.  Ai  prefent  it- is  a  fobjedt*  of'  riegret,  that  fooh  a 
ibaroc  of  wealth  cannot*be  armexed  to  its  capital  and  talent. 
AVere  fuch  an  «vent  practicable,  then  our-Eaft  India  Company 
might,  in  their  uwn  dominionsi,  ftipply  their  ftofes  witll  a 
valuable  ar ticks  and  at  a  much  inferior  price  to  any  they  fend 
from  this  country. 

•■  -  -  i  .  . 

'  »f  ^     I      I         '  ,,1  :--'..,        . .  .^1 ,  ■    , . ".     ,1,1.,—  yp  »iSa. 

XT.  .    ^       ■ 

A  Memoir  on  the  JTebs  qf  Spiikis,    ByC.h.  CAppT.* 

.  .  ...» 

On  the  natural    dPIDI^S  h»ve  o£ten  excited,  the  ciirio(iiy  of  patttraliftti'aiid 

*'***  '^f^^^^'  ^^^^  attentioo  of  ph\  ficians.    The  former  have  fucceM^Hy  fie-* 

^      ^    ^'    died  the  habits  and  copdud  of  thcfe  infedi;  ap^^^''^'''^ 

flanding  the  repugnance  they  naturally  infpire^  thefe 


*  Abridged  from  the  Journal  d«  Phyiiqui^.LVI^. 
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liavc  boceme  inlerelling,  from  ihe  induflry  with  whicb  Ihej 
cxlcud  their  webs  for  leizing  iheir  prey,  and  from  obferva' 
tJODtoDthe  mulliplici)y  and  arrangement  of  ibeir  eyes,  which 
are  geomeirically  rlilpofeij  on  a  iiiutionler«  head,  in  a  manner 
conftMmablQ  to  iheir  neceditjcs.  "f  lieir comUti,  ihe  lingulatily 
oi  iheir  amourg.  (]i<iir  fcnhbilii;  lor  muQc,  and  iheJr  patience, 
all  confiiluie  fubjeits  q(  wonder  in  the  hillury  of  fpiders. 
Phjfficiant  have  examined  whether  iherr  bite  be  really  veno. 
luouK,  ai  i*  t;eiierally  ihou);ht ;  and  tliey  have  found  only  two 
tp«cie*  priKJudive  of  danger,  namely,  ihc  laraiilula  and  avicu- 
la/ia  oi  Cayenne.  Swanmcrdatii,  Ko[&,  and  Baglivi  haw 
left  ualittle  to  with  tar  in  ihit  matter,  ai  the  eifetii  of  their 
bile  Mid  Ihe  rcnM.-dios  are  both  known. 

The  wctu  oi  fpideri  are  conlidercd  by  the  common  people  SpMrn 
»t  »  remedy  for  woundi ;  country  people  often  apply  ihcm  on  ^'Pil'' 
ut>  ut  (light  wounds,  and  apparently  with  fuccefj.      ThiawDun^i 
properly  wa«  not  of  fulRcient  importance  to  induce  chcmifti 
lo  analyfe  Ihe  material ;  but  at  there  bat  alfo  been  attributed 
lo  them  a  febrifuge  virtue,  fuperior  in  Ibme  circumllances  to 
■Ibebarlc,  I  have  thought  them  entitled  to  a  more  parlicubr 
exam iuB lion.     The  ibllowing  exlra^  is  taken  from  ihejourtutl 
'i'EeononM  ilufuU,  ior  Germinal,  in  the  year  }lU. 
,     '•  We  have  fcen  upwardi  of  thirty  years  ago,  a  good  prior,  Nirwi 
the  curate  of  Batheren  in  Ftanche  Comle,  cute  all  the  feveri  !*" '" 
of  hii  parilh,  and  of  the  neighbouring  villager,  by  pills  of  >,^kto" 
iirange  compofiiion.      He  wcitt   into  hi*  barn  and  formed 
'fmall  pilli  with  f|)ideri'  webs,  by  rolling  them  between  his 
Itandt  in  the  Hate  he  lound  (hem.     He  adniiniHered  thii  re< 
mcdy  to  hit  patients  in  white  wine,  and  very  feldom  failed  lo 
cure.     M.  Marie  de  St.  Urfin  being  chief  phylician  of  the 
'Hotel  de  Dieu,  of  Chartrcii,  treated  a  very  obftinale  fever  in 
that  hofpital.      He  had  employed  bitters,  the  bark,  and  ail 
Ihe  remedies  of  medical  art  wiihout  foccefs,  when  one  o(  the 
female  ailcndanii  olfered  to  undertake  the  cafe  with  a  cer- 
Iftinly  of  cure.     When  (he  was  interrogated  concerning  her 
itemed/,  (he  rcfufed  lo  mention  it.     M.  de  St.  Urfin  therefore 
F^eMKiUcd  lo  attend  hii  patient  for  fume  days;  after  which, 
■Jtoving  a  good  opinion  of  the  Hltendani,  he  determined  lo  put 
kin*  pwienl  under  her  care.    There  was  no  return  of  the  fever 
■fter  the  firftdofc  of  the  remedy.     The  phyfician  fuppofed  thai 
til*  ianginUion  «t'  tlie  patient,  his  confidence  in  a  new  remedy, 
1  ,  US  ai4 
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and  particularly  (liefecrecyy  might  have  furpettded  the  at^^tf 
and  he  waited,  but  to  no  purpofei  for  its  retuiD.    The  at^ 
tendant  encouraged  by  her  fuccef*,  confented  to  mcritioti  the 
remedy,  ^hich  proved  to  be  the  fame  as  that  of  the  curate 
of  Batheren." 
Suppofed  to  be    •  Tl)e  editor  of  the  Journal'  here  quoted,  beiiig  ftruck  with 
eftcdled  by  gcU- ^^^  ^^^  experiments  of  Seguin  ujion  gefatinc  'appHed  tc'the 
trealmenl  of  intermitting  fcVers,  flifpe6ls  that  fpidfers*  webs 
may  contain  a  principle  referobling  animal  jelly. '  The  expe« 
rinients  of  Cadet,  while  they  o>rerthrow  this  fuppofition;  ap* 
pear  to  him  entitled  to  the  attention  of  medical  mefi.'      '  " 
Analyfis  of  Tpi-       E'xperihienl  1.    Spiders'  webs   triturated  in  the  co!)d  with 
*"*  w-ebs.         quick-lime,  emit  a  flight  ammoniacal  fmell.     2.  Cold  water 
by  digu/!ion  on  the  webs,  becomes  of  a  red-brown 'colour ; 
U  flightly  precipitated  by  infuflon  of  nut-galls ;  is  precipitated 
by  acids ;  and  this  precipitate  is  again  diflblved  when  the  acids 
are  falurated  with  ammonia.     3.  Spiders^  webs  cleaned  at 
mucli  as  poflible  from  dufl  and  foreign  matters,  were  boHed 
in  di Rilled  water.     The  deccfflron  fmelled  )ike  champignon;:, 
and  lathered  by  agitation.'    The  undifToived  matter  wd< boiled 
in  additional  waters,  until  it  g^ve  out  nothing' more.     All 
thcfe  water's  being  put  together  and  evaporated,  let  fall  their 
contents  in  fudceflivc  pellicles ;'  aiid'at  length,  by  gentle  eva- 
poration, a  fulid  extract  was  had,  nearly  eqosd  to  half  the 
weight  of  the  fpiders*  webs.     4'.  The  residue  not  difTolved  in 
boiling  water,  was  dlgcfled  in  alcohol.     It  gave  a  very  deep 
orangc-coloured  tinfture,  whfch  did  not  lather.    Water  being 
added,  threw  down  a  grey  flaky  precipitate^  of  a  brdtvn  co- 
lour when  dry,  and  little 'more  than  one  hundred  ftiid'feven- 
iLelh  part  of  the  original  webs.     On  hot  coals  it  fwelled  up. 
Jnioaked.  and  took  fire ;  and  from  Its  habitudeg'in  thefe  re* 
fpcdi.  and  with  the  alkalies,  it  refembled  a  refin.  '  The  di- 
luted alcoholic  folution  being  then  evaporated,  afforded  k  re- 
(iJue  fligluly  deliquefcent,   of  a  tafle  at  firft  fwe^ifii,'  and 
afterwards  bitter,  and  ixi  quantity  nearly  three  times  that  ol 
the  reiinous  precipitate.    5.  Tlie  infoluble  refidue  ftflt^this 
'treatment  with  water  and  alcohol,  burned  without  fWelTitl^ 
up*  arid  emitted  a  fmalt' quantity  of  white  fuiiies  h^fihg  the 
fmell  of  buined  'wood.     Neither  the  oxigenated^i//&tfc«  Jbcir 
the  fulphnrebiis.  acidi^  difcolbured  it.    It  was  folgRfe  wMi 
>fTei-verc'eiice'ih  murlktic  fu4d,  Xnrhlch  took  u})  rwMMfiiy  'tkd 
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leA  a  Ueck  pafie.  Ammmtia  fepamtet)  s  browii  natlrr  in  AMl«|ii3 
fraolf  qosntity  from  (he  clear  folatnm  ;  mnd  liui  niBlcr,  i*hcn  ' 
valcinwl,  did  iiiit  \v(e  iti  tnbnir.  It  wasmlmiift  lotallj  Mable 
in  tuariuicBcid,  tiid  (hit  r<iliiiion  f^avea  blncb  piwrpita4c  wilh 
nnt-galbi  and  a  blue  with  alkaline  pruffiale.  I1.e  auM  to 
•vhicli  llie  ammonia  had  been  nddfd,  ^vc  a  ftey  piecif  JMte 
b^  poUafti.  TliM  rotained  ilt  culour  wli«n  ignited,  and  WM 
af;ain  fuluble  in  muriatic  acid  with  efliwcWnce.  6.  Cboflb 
pol-tUli  pnuffld  on  the  rdidsc  of  Ipidiirs'  webu  previoully  tieet- 
e«l  with  M'Wer  and  alcohol,  di(en|tii|^ex  atiilJe  smrnonta,  and 
partly  dilTnlveEahe  matlcr.  Ait  add  ihrowt  duwn  from  this 
Mtilion  B  black  pulvurt Icirt  laHelt-ri  precipitatu,  M-Itjcli  fliglitly 
f  MTrup  by  l>caT,  and  leares  by  dcficcatiort  a  brilUe  and  apfa- 
-  reiilly  felinouimaiter.  Iis<iimnliiy  kalaout  ons-lwcHih  of  ihe 
iichaaO«d  nutlur  made  ufe  ol.     It  is  partly  (tAMe  in  volalija 

7;  The  aqueDut  exirafl  of  Nn.  S  bving  digelled  with  alco- 
I  hoi;  gave  oul  one-(evonlh  pa(t,  Thii  alfoliolic  exlrad  wai 
,  brown,  conlitlerably  deliquercem,  and  ol  a  lliarp  lafic  Ii 
Avdied  ronfiderably  on  ihe  canis,  tad  at  a  cotlain  pcrtad  it 
Iwrnfid  rapidly,  at  if  a  niLialc  were  prelent.  It  etforvofced 
brMkfy.wi^  fulpliuric  acid,  giv'yng  nut  a  white  vapuor  of  a 
tnuHnitc  ftne)).  I'oIhOi  »nd  Irtiie  difenga^ied  from  tliti  exlfafi 
a  AiiMigvminoiiscBt  (me!!,  and  the  vapoiin  were  wry  IWnlible 
«(*lhe«pr>r(i3ch  of.  moriatic  ociH.  Tlic  extra^  having  been 
Ineiiwralcd,  appeared  by  feveral  eitperini<!Tits  in  contain  mu- 
HaWi>f  lime  and  n  fulphxe.  Wiial  remained  of  ()te  3(|Liem)ii 
•Xtta6  after  Ireaimcnl  witli  aVobot,  was  lefi  deep  in  colour 
than  b#fofe,  bad  a  piirmrdent  appearance,  and  llighily  pun. 
eeuL  laOe.  On  liol  coaU  il  did  not  Iw^-H  up,  but  IcKi  a  v^ry 
abundant  preeipiiale.  Strong  fiilphutic  acid  poured  on  This 
exirad  produced  no  fenfible  lioell,  and  there  wan  no  produc- 
tion of  ammonia  when  il  was  triturated  with  c|uick.lime. 

B.  Spider*'  webs  fubjeflcJ  to  deflruftive  diltillulioi..  gave 
firft  water  (lighily  coloured,  but  feceoming  deeper  at  the  pro. 
•teh  went  on ;  and  afterwacdi  a  black  thick  oil,  with  carbon. 
«led  hydrogen  and  carbonic  acid.  A  very  fenfiWe  (raell  of 
^modia  wa>  developed,  and  a  reiidual  coal  was  left,  amounl< 
^e  tO'haJf  the  mailer  empfoyed.  The  coal  altar  mcineralioa 
Irie  Iwo-thinii  of  in  weigiil,  half  of  which  was  taken  up  by 
iwuriatic  acid,  and  ibe  remainder  lecined  to  be  Ijlexand  dlially 
_.  iiiattert 
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jfiiilyfii  of  (pi-  oi3['cr.  The  muriatic  folutiont  duiing  evaporatioti,  tJeparitul 
ita'  wehb  fulphate  of  lime.  When  fpiders"  webi  were  incinemled  in  sA 
open  velTel.  tlic  afhei  were  found  to  contain  fulphalc  of  lime, 
(nuiiale  of  fmla,  and  carbonate  of  foda.  Muriatic  acid  ap-> 
plied  to  the  refidue  look  op  more  Tulphatc  of  lime;  and  when 
■hi)  fblution  was  treated  with  ammonia  and  afterward)  wiib 
poUalh,  i(  gave  oxide  of  iron,  a  little  alumine,  and  fome  time. 
The  undiirnlred  part  was  filex. 

9.  Spidert'  webi  were  almofl  totally  dilTolved  in  nitric  acid 
amounting  to  Cx  l!mc;s  iheir  weight;  carbonic  acid  and  ni- 
trous gas  being  difcngaged.  The  foluiion  when  evsporalerl 
let  fall  cryDals  of  fulpbaic  iif  limi^,  and  by  continuing  llto 
evaporation,  Ihe  yellow,  bilier,  dehquefcent  matter,  which 
Wcller  call*  ami:'-.  wa«  aflbrdcd. 
CBmpoocnl  Hence  the  author  conclude*  thai  rpideri'webiBrecotDpor«d 

f*^'  of,   1,  A  brown  -jtlrael  foluble  in  waler,  and  rot  changeabl* 

in  the  air ;  2.  A  refmoui  cxtraA  fohiblc  in  alcohol,  and  very 
tlcliquefct^ni :  3.  A  froall  qtianiliy  of  alumine ;  4-.  Sulphate  of 
lime;  £.  Carbonate  of  fuda;  6.  Muriate  of  foda;  7.  Cafbon- 
aleof  lime;  8,  Iron;  9.  Silex.  The  author  thinks  that  llie 
earltii  and  earlhy  falls  may  be  derived  fiom  ihe  lucal  (iluation 
of  thef«  inl(:£is.  and  thai  ii  n  probable  il^at  tlie  webi  of  garden 
fpiders  may  notaRbrd  ihem.  The  two  constant  produfts  (o 
which  he  demnndE  particular  attention,  are  ihol'e  obtained 
from  the  aqueous  and  alcoholic  folutioni.  He  thinks  it  de- 
firable  lo  try  their  medical  powers  feparalely.  He  fuppofc* 
the  retinous  mailer  lo  be  the  fame  fubllance  ag  under  othci 
circiim (lances  form;  ihe  fpJders'  filk,  and  the  wax  which  Mr. 
Accutn  hai  elfewhere  mentiuntd  as  one  of  Iheir  produfts. 


Information  on  the  Mines  and  Manu/aSiires  qf  tfic  Eafi  Indies, 
and  other  Su^tcii,     Bj  }.  AIaculachlan,  i^,  ^  CaU 

fitllu.* 


OHOULD  you  think  the  enclofed  receipis  for  dying  ihe 
bettutiful  reds  of  Ui«  Coromandcl  coafl  can  be  of  any  ate  lo 


*  Soc,  Alts,  IB04  i  for  which  the  filvcr  medal  was  given. 
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the  djtri  of  the  uniled  Biitidi  kingrloit),  be  pitiafed  la  Uy 
tliem  berore  ihe  Soclely  lor  ttie  Kncourugemeiii  nf  Art«,  fto, 
Uiai  ihey  ma;  bti  publillitrd  In  the  volume  or  tlidi  Tcanf* 
^ioiUi  if  not,  1  trull  yuu  will  excufu  my  iioubiing  you  wiili 
litem.  They  were  fent  lo  oic  IVliiii  Madrai  by  a  fcientific 
fnend,  who  had  the  feveral  cpeiBltuiis,  delDilct!  in  ihcm,  per- 
formed in  his  own  prefence,  i  farwacdtd  a  copv  ol  Iheoi, 
and  a  Cmftll  quantity  of  the  iugtedieni;  n]«iilii>ned  in  ihero,  Lu 
a  frii^nd  at  home,  fevcral  years  ago  ;  but  he  dying  about  or 
foon  alter  the  time  of  their  arrival.  I  never  learned  nhat  be- 
tstnc  of  them.  Ii  Otdief  me.  however,  thai  lliere  !sacon> 
Jidecable  coiocidencc  between  the  thread  procefi  and  that 
wliich  I  lave  feen  fcconimeiuled  by  Mr.  Henij,  ofMBochcl^ 
ler,  fordjring  the  Adriannjile  or  Tuikey  red, 

I  au  noL  certain  whether  it  if  known  at  hnme,  tliat  many  ]„ 
of  iJte  hills  in  Bahar,  ami  other  parts  of  India,  contain  iio- ''' 
fneafe  quantities  uf  micu,  talc,  or  Mufcovy  glaf;:.     The  na-  ),';' 
.tivea  of  this  country  and  China  make  very  fpletidid  lantern), 
ihadKt,  and  oraainemi  of  it,  liiiged  nf  various  lanciful  (;olouiti 
and  it  i«  alfo  uled  by  iliem  in  mcdit^inc.     When  burned  or 
calcined,  it  is,  I  am  told,  corHderud  as  a  Tpccific  tn  obllinate 
cougb.1  and  confumpliuns.      When  powdered,    it  fervei  lo 
filvrr  Ihe  Indian  paper,  &c.  uled  iu  lelier-wrilingi  and*  In 
f^,  it  is  applied  to  numbcrleli  purpofes.     The  bazar  price 
of  that  of  the  bell  quality,  fplit  into  (liccts  ot  about  Iwo  lines 
thick,  is  fix  rupees  the  maund  of  S  tlb,  avoirdupoii.     If  it 
could  bo  applied  la  any  ufcful  purpofe  at  home,  it  might  go 
in  pari  ballafl  of  Ihips,  and  at  a  Hiding  expenfu.     I  cnclufe  a 
Iniall  fpecimen  of  it,  and  am. 
Sir, 

Vour  very  obedient  fetvaiit, 

J.  MACHLACHLA^*. 
Calcutta,  Ofl.  4,  1303. 

N.  B.  The  diaya,  or  red  dye  root  of  Ihe  Coafl,  ii,  I  be- 
lieve, known  at  home :  as  alio  llie  ca)1)aw  leaves,  which  arf 
Bted  u  an  sAringenl. 


"    CH.aKUf  Taylor,  Ef^ 
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br:ght  rd  by 
thcladianme« 
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•    -. : 
iMreSioiii  /or  dying  a  bright  Bed,  fmiT  Yards  qf  |'  hrpai 

Cotton  Cloth. 

I  ft:  Tbe  cloth  is  to  be  well  waftied  and  dried^  for  the  par& 
pofe  of  clesnrhig  it  of  lime  and  congee,  or  ftarch,  generalij 
bfed  in  India  for  bleaching  at^d  dreiling  cloths;  theii  ptil  into 
an  earthen  vefTel,  cotitaining  twelve  ounces  of  chaja  or  red 
dye  rooty  with  a  gallon  of  water,  and  allow  it  to  boil  a  (bort 
time  over  the  fire.  - 

'  2d.  The  cloth  being  taken'  6at;'waihed  in  clean  water,  and 
dried  in  the  fan,  is  again  put  into  a  pot  with  one  ounce  of 
tDyrabblans,  or  galls  coarfely  powdered,  and  a  gallon  of' clear 
watrr,  and  allowed  to  boil  to  one  half:  when  coof;  Add 
to  the  mixture  a  quarter  of  a  pint  of  buffalo's  milk:  'J^ie 
cloth  being  fully  foaked  in  this,  take  it  out,  and  dry  it  in 
the  fan.      * 

3d.  Wa(h  the  cloth  again  in  clear  cold  water,  aild'dry  it 
in  the  fun ;  then  immerfe  it  into  a  gallon  of  water,  a'  quarter 
of 'a  pint  of  buffak>'s  milk,  and  a  quarter  of  ah  ounce  of  fho 
powdered  galls.  Soak  well  in  this  mixture^  and  dry  in  the 
Tun.  The  cloth,  at  this  ftage  of  the  pnoccfs/ feeling  lotigh 
afid  hard,  is  to  be  rolled  up  and  beetled  till  it  becomes  fof%. 

4th;  Ihfufe  into  fix  quarts  of  cold  water,  tix  ounces  of  red 
wood  fhavings,  and  allow  it  to  remain  fo  two  days.  On  the 
third  day  boil  it  down  to  two-thirds  the  quantity,  when  the 
liquor  will  appear  of  a  good  bright  red  colour.'  To  every 
quart  of  this,  before  it  cools,  add  a  quarter  of  an  odnce  of 
powdered  alum  ;  foak  in  it  your  cloth  twice  oVef,  dryin|;  it 
between  each  time  in  the  fhade. 

5tb.  After  three  days  wafli  in  clean  water,  and  half  drj 
in  the  fun  ;  then  immerfe  the  cloth  into  five  gallons  of  water, 
at  about  the  teyqpe^atnre  of  120  degrees  of  Fahrenheit,  adding 
50  ounces  of  powdered  chaya,  and  allowing  the  whole  to 
bull  for  thr^e  hours  ;  take  the  pot  off  the  fire»  but  let  the  cloth 
Femain  in  it  until  the  liqoor  is  perfectly  cool ;  ifatn  ming  it 
gently,  anci  bang  it  up  in  the  fun  to  dry. 

6th.  Mix  intimately  together,  by  hand,  about  a  pint  mea* 
fure  of  frclh  (beep's  dung,  with  a  gallon  of  cold  water,  in  which 
foak  the  cloth  thoroughly,  and  immediately  take  it  out,  and 
dry  it  in  the  lun« 

7th. 


7th.  Waih  Ihe  cloth  well  in  clean  water,  and  fpread  it  outWh^^wMfcrl 
ifi  Uie  fan  on  a  fand-bank  (whicb  in  India  ii  imiverfally  pre- 1,,}^^  ndkr    ' 
ferred  to-n  grafs-plat)  for  fix  hours,  fpnnkKng  it  from  time  totheioiiaaa** 
tioMff  lis  it  dries,  with  clean  water,  for4he  pofpbfe  «f  fiiiifli*'^ 
tng  and  perfeAing  the  coleari  wkicfa*  wiM  be  of  a  very  fine 
bright  red. 

.  }v  MACHLACHLAN. 

Qdcutla,  Oa.  4,  1803.  /   . 

Charles  Taylor,  Efq.  ' 

•  ■  •  ■  ■ 

fft.-P^t  ene  gaHen  and  a  half;  'by  meol^re,  #f  fap«waad 
aftesf  ihle  an  earthen  {>ot,wkh  ttiDee^  |»allon«  at  watet*,  4miiI 
allow  the  mixture  to  remain  4wentj.fo4ir  lioiirs  to  petMtat 
for  ufe. 

9.'¥it  •the  following  articles  into  an  eohhen  pot;*  viz.-Thrae- 
qearlers  of*  pint  of  Gingelly  oi4f  one  pint^  by'mea&iref  tf 
ibeep's  dung,  intimately  mixed  by  hand  in  water;  tv^pioM 
ef'l^tf  above  ley. — After  oifxtAg<thefe«mgrodiftntswell|  pbor 
the  mixture  gradually  upon  (lie  thread  }nto-af|athifr>eCell  wcNf 
tinglit  only  as  the  thread,  by  being  fqae^ed  and*yM1ed' about 
by  the  haiid,  imbibes  it,  continuing  to  dd  fo  until*th^  whiAb  is 
eoiplcicly  foaked  up,  and  allow  the  tbrciid  to  f  aoiBil^  ih  tfliit 
Salo-'antil  next  day.     •    :.  :j    ■  •■     .       .        .  >  o 

3d.  T^ke  it  up,  and  put  it  intha  fiintod^;tbenlalie«^hii 
and  Of  half  of  alh-levi  in  wbidi  fijuee^eafkl  roll  the  ihfead  Well 
and  allow  it  to  remain  till  aext  day*' ''  '-'^  •    .      -.•«..:  i....; 

4th.  Squeeze  and  roll  it  in  a  like  quantity  ofls(h-Iey,  and  put 
it  in  the  fun  to  dry ;  when  dry,  f({uee2se  and  roll  it  again  in  tho 
ley,  and  allow  it  to  remain  till  next  day«-     : 

5th.  Let  the  fame  procefs  be  repeated  three  or  four  timcs^ 
and  intermit  till  next  day. 

6th.  Ley  the  thread  once,  as  the  day  before,  and,  when 
well  dried  in  the  fun,  prepare  the  following  liquor:  One  gill  of 
Gingelly  oil ;  one  pint  and  a  half  of  a(h-ley.-*In  this  fqueeze 
and  roll  the  thread  well,  and  leave  it  fo  till  next  day. 

7th.  Repeat  the  procefs  of  yeflerday,  and  dry  the  thread  ii| 
the  fun. 

5  «th. 
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XsftnidioM  Ar       8th.  The  fame  proceft  to  be  repealed. 
bricSt  nd^         9th«  Firft  repeat  the  a(h-ley  proceft  threcf  or  four  timet^  as 
cW  iadiia  OK-  onder  the  operationi  S,  4|  and  5,  and  then  prepare  the  follow* 
^^'^  ing  mixture  &  On  pint  of  flieep-dung  water ;  one  g\\\  of  Gin- 

gelly  oil ;  one  pint  and  a  half  of  alb-ley. — In  this  fqaeeae  and 
roll  the  thread  well,  and  dry  it  in  the  fun. 

10th.  Repeat  the  bale  procefn. 

lltb.  Do.  '    Do.  .  •  .^ 

1 2th,  Do.  Do. 

13lh.  Do.  Do. 

I4tb.  Do.  Do. 

l5Hi.  Walh  the  thread  in  clean  water,  and  fqueexe  and 
roll  it  in  a  cloth  until  almofi  dry ;  then  put  it  into  a  veflel  coo- 
lainiog  a  gill  of  powdered  ohaya  rooty  one  pint  by  meafinc  of 
caAuMi  leaves,  and  ten  pints  of  clear  water ;  ia  this  Uqmoc 
(i]«eese  and  roll  it  about  well,  and  allow  it  to  remtin  fo  till 
next  day. 

J  6th.  Wring  the  thread,  and  dry  it  in  the  fun,  and  rc" 
l^eat  again  the  whole  of  the  15th  proceb.  leaving  the  thread 
taiteep. 

]7tb*  Wring  it  well,  dry  it  in  the  fiia,  and  repeat  the  fiMne 
{MTOceb  as  the  day  before. 

18th.  Do.  Do.  .      • 

19tb.  Do.  Do. 

SO.  Wf  ing  and  dry  il  in  the  fon,  and  with  the  like  qnaotily 
of  chaya  root  in  ten  pints  of  water,  boil  tl>e  thread  loc  ibtstt 
hours,  s(nd  allow  it  to  remain  in  the  infuiion  antil  cold. 

21  ft.  Wath  the  thread  well  in  clear  water,  dry  it  in  the  fun^ 
end  the  whole  procefs  is  complete^ 

« 

J.  MACLACHLAK- 
Calcutta,  0^.  4,  1603. 
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SCIENTIFIC    NEWS. 
Imperial  Acaden^  pf  Scieittcs  at  Petetfiurgkm 


TtfE 


Vice  Admiral  Tchilchagoff;  Minifter  of  the  MarincfPriit  af  At  ' 
department*  has  forwarded  to  the  Academy  a  queflbn  on  the  aSSm^^'"^ 
refiftance  of  fluids,  and  i(s  applicmion  to  naval  architeAure,  * 

for  the  folulion  of  which  that  department  will  beftow  a  re- 
ward of  lOQO  ducats  of  Holland,  or  W2L  10;. 

The  academy  being  defirous  of  feconding  the  patriotic 
iriewB  of  the  marine  department,  decided  on  the  publication 
of  a  program  m  the  following  term«. 

Prize  propofed  by  the  department  of  the  Marine^  on  the 
lAofJUfy,  1804. 

It  ii  propofed*  that  of  the  two  theories  of  the  refiftance  of  The  fuije^L 
fluids  propofed  and  applied  to  naval  architedure  by  Don  0. 2^,ISJ2^3ie^ 
Jnao*  in  his  Exumen  Maritimct  and  by  M.  Rommet  in  his  reflilmce  of 
Aritkh  Marine,  one  or  the  other  of  them*  for  example,  tbat'^"^ 
of  Don  Juan  (hould  be  corred^ed  and  improved  to  fuch  k 
degree,  at  to  afford  refiilu  that  fliall  difier  from  the  ijefaks  of 
experiment^    by  fo  fmall  a  quantity,,  at  >m|y  .be  pradtically 
negledc^  without  fenfible  error: — Or  otherwife,   if   thefe  or  to  dhUIft  a 
theories  cannot  be  corrected,  it  is  propofed,  that  a  new  th^ry  ''^^  "^^T  i 
fluMild  be  eftablifhed  and  applied  to  naval  archiledure*  which 
flimll  lead  to  conclufions  of  the  fame  degree  of  accuracy.;-^ 
Or  otherwife,  laflly,  if  it  (liould  be  impodible  to  ^flabfifli  fuch  or  to  Mvct « 
a  theory,  it  is  propofed,  that  from  experiments  4t  leaft,  ♦  W©  experimMtT* 
ihould  be  deduced  a  formula  rtifembling  thofe  which  have  been 
given  by  MelTrs.  Bolfut  and  Prony  ;  und  fuch  that  it  (hall  be 
not  only  more  conformable  to  experimenls  than  thofe  formulas, 
but  that  it  (hall  lead  as  nearly  as  poflible  to  the  conclu(jons 
drawn   from  experimenl.s    even  when  the  formuTe  (hall  be 
applied  to  naval  orchitedlure. 

For  the  falisfa^ory  folulion  of  this  problem  (he  department  One  thwAaJ 
of  the  marine  has  appointed  a  prize  of  1000  Ducats  of  Holland,  **"""»  ^  ***^ 
and  has  fixed  a  term  of  two  years  to  be  reckoned  from  the 
dale  of  this  program^  After  the  expiration  of  that  term,  no 
memoirs  addreifed  to  the  academy  will  be  received  on  this 
fubjedt,  the  time  appointed  being  fufhcient  for  thofe  nevr 
experiments  which  Uie  folutions  in  qaefiion  render  tndi^nfa- 
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biy  neceflary.  The  memoirs  forwarded  to  the  academy  muft 
be  written  in  a  diftind  legible  charafler,  either  in  the  French 
EngliHi  or  Ruffian  language. 

(Signed  in  the  original)    PAUL  TCHITCHAGOFF. 

nd  cos*     In  the lovilation  accompanying  thi*  prograoii  the  Academy 
for  «• .  fecyjjrQs  men  of  fcience  who  intend  to  make  application  for  this 
11^'*'  prize,  to  addrefs  their  memoirs  to  I  he  perpetual  fecretary  of 

^bat  body«  before  the  1  ft  of  July,   IH06,  and  that  the  writer 
,  (hould  clear  the  pod  charges  as  far  as  the  regulations  of  iheir 

refpcdive  countries  will  allow.  The  cuflomary  mode  of  mark- 
ing tjie  memoirs  with  a  device  or  motto,  and  fending  at  the 
fame  time  a  fealed  letter,  having  the  fame  device,  and  con- 
.taining  the. name  and  rcfidence  of  the  author,  is  alfo  to  be 
adopted  in  the  prefent  in  fiance.  The  memoirs  will  be  ex- 
amined before  the  expiration  of  the  teem  of  concurreilcet  \>y 
'  •  |he  Department  of  the  Marine  and  by  the  Academy ;  the  lat- 

ter of  whom  will  -puUifli  the  judgment  they  (hall  adopt,  and 
i         .tb«  Department  of  the  Marine  will  crown  by  the  payment 
j>f  the  prize,  the  labours  of  that  author  who  flaall  have  fatis- 
-,fied  tkc  conditions  of  the  program. 

Prize  concerning  Light,  propofid  by  the  Imperial  Acadeniy  c^ 

Sciences  for  the  Year  \Si^, 

FHse concerning     filler  an  introdu6lion.  in  which  a  conrifc  flatcment  is  given 
t8*»t-  of  two  theories  refpeding  the  nature  of  light,  the  one  aicribep! 

Tbe«fttad  tbe.  to  Newton,  which  fuppofes  light  to  confid  in  the  emanations 
ori9»  that  light  of  matter  ffom  luminous  objects  ^^^  the  other  afcribcd  to 
tcf -'^or  mc^  pulerj  which  deduces  the  cffb^s  from  vibrations  of  a  peculiar 
undulatioM  of  aelaftic  fluid. — they  proceed  to  fiate  rather  more  fully  a  chemical 
***  '""  hypothec s  of  Lavoifier,  who  not  only  con  fidcrs  light  as  caufed 

^-or  it  it  a  che.\)y  a  peculiar  matter,  but  alfo  that  this  matter  is  fubje^  to  the 
oucal  principle,  ele^ive  attradions,  fo  as  by  its  combinations  and  difengage- 
ments  to  produce  an  extenfive  feries  of  phenomena,  which 
F9«huBdrad  •  Are  thus  accounted  for.  It  is  principally  with  a  view  to  de- 
Itjf^^-h  .  velope  this  lafl  hypothefis  that  they  have  propofed  a  prize  of 

£•"»  »°  9.  ,  ^oy  ^^^i^^  (£|  ,2  10  0.) 

Thequeftion.  .  ."  For  the  mod  inflrudive  feries  of  new  experiments  on 
Uglit.  confidered  as  matter;  on  the  properties  which  may  with 
j^llice  be  afcribed  to  it;  on  the  affinities  which  it  (hall  appear 
to  faave;with  other  bodies^  whether  organit  or  iuorganicj  and 


«n  Ac- modifications  and  phbnoroena  which  are  tnitfffeflei  W  *     •* 

fhofe  fubftances  by  virtue  of  the  combinattons  in  whidi  th^ 
liratter  of  light  may  have  entered  along  with  them/* 

After  propofingthrs  quefticm^  the  Academy  proceeds  to -ex*  Renmks  by  tht 
p1ain«  by  obferving  that  without  entering  into  any  hiiloric  dif-*^^^"^' 
cufHon,  or  the  objedlions  which  have  been  oppofed  to  this  hy<* 
pothelis,  nor  the  refearches  already  made  with  a  view  to  de« 
velope  traces  of  chemical  aaion  between  light  and -'bodies  in 
the  different  modifications  of  natural  phenomena, — »tlie  enqui- 
rie«  here  propofcd  may  not  he  unufefuHy  extended  to  the<gaU 
vanic  fire«  of  which  the  dazzling  brilliancy  when  large  piles 
mre  made  to  z€i  upon  coally  matters,  in  fome  refped  iioitates 
the  folar  light.  The  Academy  has  chofen  to  enunciate  the  Tub* 
jedl  of  their  prize  in  a  general  way,  in  order  that  pbilofophers 
may  not  1)e  in  any  refped  impeded  as  to  IHe  points  of  vievif 
from  which  they  may  be  difpofed  to  contemplate  and  to  treat 
i«)  difficnlt  a  fabjed,  yvhich  has  fcarcely  yet  been  entered  oponi 
thoagh  fo  eminently  worthy  of  attention'  from  the  cnltivatora 
of  natural  fcience. 

The  memoirs  are  to  be  written  either  ih  Raffian,  French, Conditions  and 
£ngIiAi,  German,  or  .Latin,  and  forwarded  to  the  perpetual  ^^"'^ 
iecretary  of  the  Academy,  fealed  up,  with  device  ahd  indi^ 
catory  billet^  as  mentioned  with  regard  to  the  former^rrze. 
No  memoirs  will  be  received  after  the  30ih  df  April,  1-806, 
tnclafive,  and  the  author  of  that  memoir  which  in  the  judg- 
ment of  the  Atrademy  (hall  have  merited  die  pnze,  (ball  be 
proclahned  in  the  public  meeting  of  the  following* niorith  of 
July.     The  fuccefsful  memoir  becomes  the  property  of  the 
Academy,  and  mu(l  not  be  printed  without  their  formal  per* 
miffion.     Tlic  other  treatifes  wilt  be'delrvered  to  the  refpedive 
authors,  on  application  to  the  fecretary,  either  perfonttUy  or  bj^ 
procuration.  *    " ' 

• 

Voyages  of  Mcjfrs.  Humboldt  and  B^kpla^nd. 

Meflrs.  Levrault,  .Schoell  and  Company  circalated.  at  the  Voyages  of 
beginning  of  thfi  prefent  year  a  profpedus'of  the  voyage  or?"J?|***'?  *"* 
.MeiTrs.  KamGoldt  anJ  Bonpland,  the  publication  of  which  is 
coiidmitted  to  them  ;  **  the  travellers,  they  obferve,  have  ifi 
£eneial  re-written  all  their  obfervationst  whatever  might  have 
Jb^eiy  tne  (^ed,  in  the  narrative  of  their  voyage.  Mr.  Hum* 
'Boidl^  has' thought  if  proper  to  follow  another  courfe,  ahd  to 

treat 
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Hnmboldfs       treat  repintely  all  thofe  obje6l«  which  confiJerably  diflSsr.m 
tr^Teli.  ihdir  nature.     He  has  determined  accordingly  to  publiOi  in 

detached  colledliooii»  all  that  mure  particularly  belon^t  to 
Adronomy^  Geology,  Botany,  ZiH>lugy,  &c.  and  hu  voyage, 
properly  i'o  called,  will  embrace  all  that  relates  to  General 
Phyficsy  the  Origin  of  Nations,  their  Manners,  their  Intel- 
lectual Culture,  Antiquities,  Commerce,  and  Political  Eco- 
nomy. Upon  this  part  of  his  obfervations  and  the  hiftbry  of 
bis  voyage,  he  will  not  at  prefcnt  publiih  more  than  a  narra« 
tive,  under  tlie  title  of  ReUttion  abrege^  &c.  or  an  al^ridged 
Relation  of  a  Voyage  to  the  Tropics,  performed  in  the  inte- 
rior of  the  new  continent  during  the  years  1799,  I  SOOj  180l« 
1602,  and  1803. 

It  is  agreed  by  Meflrs.  ETumboidt  and  Bonpland,  who  are 
connc6led  by  the  rooft  intimate  feotiments  of  (riendfliip,  and 
have .  fliared  together  in  all  the  fatigues  and  dangers  of  this 
voyage,  that  the  whole  of  their  publications  iliall  be  in  their 
joint  names.  The  pre&ce  to  each  work  will  announce  to 
which  of  them  the  feveral  parts  are  refpeflively  to  be  afcribed. 
^  The  lift  of  works  fpeedily  to  appear  are  as  follows : 

I.  The  abridged  Relation  of  the  Voyage,  in  quarto;  pro^ 
nifed  in  July,  1805. 

2*  A  Colledion  of  Aftronomical  Obfervaiions  and  Admea- 
furements  made  on  the  new  continent;  promifed  In  lb05. 

3.  An  Effky  on  the  Geography  of  Plants,  or  a  Philofophicar 
Sketch  of  the  Equinodial  KeglonD;  founded  on  obfervations 
made  from  the  18lh  degree  of  fouth  latitude,  in  the  years  be- 
fore mentioned,  with  one  )arge  phitc,  colpurcd  ;  promifed  in 
June,  1805. 

.  4.  ilquinocllal  Plants^  colleAed  in  Mexico  and  the  Ifle  of 
Cuba,  in  the  Provinces  of  Caracas,  Cumena  and  Barcelona, 
on  the  Andes  of  New  Grenada,  Quito  and  Peru,  and  on  th^ 
banks  of  Rio  Negro,  Oroonoko  and  the  River  of  Amazons^ 
with  plates  engraved  by  Seliier,  in  folio ;  the  firft  number  to 
appear  in  April,  1805. 

5.  A  Colledion  of  Obfervations  of  Zoology  and  compara* 
ratlve  Anatomy,  made  in  a  Voyage  to  the  Tropics;  with 
plates  engraved  by  Bouquet,  coloured  or  not,  at  the  optioii  of 
the  piircbafer.    The  firft  number  to  appear  in  May. 

N.B.  All  thefe  works. will  bear  the  general  title  of  Pofoge 
'Jk  M.  M*  Alexandre  de  Humtoldt  et  Aimi  Bonplani,  and  wiA 
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'mtxXMtio&ot  theUmeDte  and  type.  nc«p(  llie  Cqitt- 
&id  Plant*,  which  arc  lacger.  Subii-qucnt  nolicet  of  ttw 
ice  aad  publication  are  to  appear  in  ilie  Jouinala. 

Fllh  ejc&ci  fiam  t'.ilcimoef. 
AMOVG  the  great  number  of  fafls  which  Humboldt  lia«  Volcjnit  er»p- 
cnlleCled  io  bis  voyage,  the  following  lately  comniunicaled  to"""  "  "^^ 
the  National  Infiituie  ii  very  curious.  Several  volcanoc!  gf 
Die  Cordilleras  of  the  Andei  occaQonally  throw  out  etuplioni 
•f  mud  miKed  with  iarj^e  volumei  of  frelh  water,  and  what 
Is  molt  remarkable,  an  irfimte  number  of  fifhes.  The  vot- 
of  Imbaburo,  among  otbert,  threw  out  at  one  time  fo 
great  a  number  near  the  town  of  Ibarra,  that  their  putre/ac* 
lion  occ&Tioncd  diforders.  This  phenomenon,  altonilhing  ai 
il  appear  1,  is  not  even  extraordinary,  but,  on  the  contrary,  of 
iderable  frequency,  fa  that  tlie  fafls  are  authentically  prc- 
ferved  in  Ihe  public  regtflers,  along  with  iholis  of  earllit(uakci. 
Jt  if  more  particularly  lingular  thai  thefe  lilh  are  not  stall  it^ 
jured,  though  their  llruAure  h  very  loft.  They  do  not  even 
appear  to  have  been  cxpored  to  a  htgh  temperature;  for  the 
Indians  alTerl  thai  they  fumctimes  arrive  at  the  foot  of  theinoun' 
.lain  fiill  living.  TheleaniroaU  are  romelimui  thrown  out  uf 
Abie  oioullis  uf  the  crater  tn<)  fometimes  through  lalcra!  cleA&; 
bstalwayiat  the  height  of  1 2  or  1300  totfcK  or  faihum«  abor« 
'the  furrounding  plains.  Humboldt  ihinlit  they  ar«  produced 
in  laket  fituated  at  that  height  within  the  crater ;  and  it  i^  a 
cunfinDBLion  of  thi*  opinion  that  the  fame  fpecies  ore  found  in 
ihe  brooks  which  run  at  the  I'uotof  the  mouiilains.  Itii  the 
only  fpeciej  which  fubfifi!  at  the  height  of  l-MtO  loifei.  tt  is 
«  new  ri>ecfei  to  nataralift!.  Humboldt  made  a  drawing  of  tt 
on  ihe  fpot,  and  gave  it  ilie  name  of  Pmchdrus  Cyelhptim  or 
t'irtwn  fty  rfte  C^ilnpi.  It  will  be  found  in  the  lirft  number  of 
"^Jili  Zoology. 

Wiiltr  formtd  by  Utechanical  PreJJiire, 
ilting  of  the  French  National  Inllilute  at  the  com.  Ccmbuflinnnf 
_  fneBcemeot  of  the  prefent  year,  M.  Biot  read  a  note  on  Ihe  "J^^^^'"^^^ 
'fonuation  ot  water  by  mere  comprclEoii.     The  experiment  of  cbmiuJ  iiti- 
forming  water  out  of  itscompanenl  parts  oxygen  and  hydro* '^""' 
^en  by  burning  (hnft  gafe*  ty  the  elcftriMpark  iswcll  known. 
M.  Biot  hai  fucceeded  in  delermining  ihij  combination  inde- 
pendently-«f  sleflikily,  by  rapidU  compief&ng  a  misluie  of 


soli 
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the  twor  g^fen  included  in  Uie  fj^riuge  of.  an  iir^gatu    The 

comprdfion  which  forces  the  particles  of  gas  together,  caufes 
ihem  to  give  out  a  fufHcient'  quantity  o(  heat  to  fet  them  on 
fire.  Some' caution  is  requifite  ih  repeating  tYii^e\p&rimcht» 
vrhich  is  not  without  danger.  Out  of  three  times  that  M. 
Biot  made  it,  there  were  two  in  which  -tiie  brafs  cap  of  the 
pump  and  tlie  barrel  ilfelf,  which  was  iron, .  were  broken  by 
the  explofion. 
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MoikabilUy  of  Zinc, 

Zinc  IS  malleable;  A  VERY  curic>as'<and  ufefal  dLfcrprcry  has  been  made  by 
^hik  he-jted  be-  MeHrs.  Charles  Hobfon  and  Charles  Sylvefler.  both  of  SheU 
twccn  aio?  aadfield,  that  zinc  is  in  fea^  malleable  metal.  The  lamiriability 
of  this  metal  to  a  certaiti  confiderable  degree,  ha<  long  been 
known;  but  it  was'  iiitit'  fiifpefled  that  it  is  capable  oF  being 
forged  and  dra\rn  into-wiife*  T^  ^^^  fciund  that  at  a  lem- 
pesaCare  b9tw«eD,2l(lS  ^p4:?'flOt'pf,F^hTeulk^l  sine  yields  to 
the  haaamer,  and  affo  wit  jttviay  be  wire-drawn  or  laminated 
ly  keeping  it  al  thit!l(Bynperature  durinl;  the  mechanical  oper- 
-ation:  An'of4h  or  a'hoiloipr mfetaHic  vdTel  ki^  at  a  due  neat 
•nay  be  afed  fHr  th'^  |Sieoeii|- iU^the  hmt  tiMifitt- as  the  Smith's 
:  forge»i«  nfed  for  iron  mat  iieel.  It  appeara  Ifait  the  zinc,  after 
.  having  been  tbiisaiuMfd^  midit  If  rougbt,  cootinoet  fefff  flex- 
ible and  estenfiblej^  andj^kmiiot.  return  to  itt  former  partial 
.  brittlenefs,  bat  maybe  lienddS' and  applied  to  the  ules  for 
which  zinc  has  hiti£rto  tieib  lIioit{|lit  unfft.  fuch  as  the  f3ibri- 
cation  of  vefFels,  the  flieathing  dr  fliipf^,  and  nemerous  other 
•important  applications.  I  havtfften  acbafed  or  (lamped  figure 
raifed  at  one  iiroke  in  thin  zinc;  which  is,  I  think,  as  much 
elevated  as  it  could  have  been  in  copper.''^ 


Pallidiuai. 


£rntuB  cor< 
caed. 


Palladium, 

BY  a  letter  from  MelTrs.  Knight,  of  Fofter-hme,  I  am  in- 
formed that  the  new  metal,  palladtam,  maybe  purcbafed  at 
tlieir  warefaoufe.  _ 

Mr.  GREGORY  begs  leave  to  correa  afnifiake  which 
occurs  in  his  paper  on  horfe«powers,  occafioned  b^  his  inad- 
vertently copying  from  fome  of  his  former  obfervations  on  that 
fubje£t  the  fraction  J  tnftead  of  f  for  the  approximate  value  of 
the  exponent  n:  this  makes  a  change  in  the  reftrits  of  the  com- 
putation at  page  148 ;  for  (9-5)"^:  (9-4..4)^: :  130:  80-58, 
or  nearly  80 1  lb«  inftead  of  7 If,  as  there  given.  He  alfo 
points  out  a  prefs  error  at  p.  153,  where  the  fy n\bols  of  mul- 
tiplication in  each  of  the  theorems  (hould  have  been  fijgns  of 
addition* 


t  The  invcaton  have  obtaintd  a  pstnt* 
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;ADFEaTISEMi:Nt 

TltE  Pohvns  and  Friends  of  the  Phitofophical  Jmmat 
refpeB/uiy  iyiformcdt  that  this  work  will  in  future  con/i/l  of 
Jkeets  of  matter  injiead  of  Jive  in  each  number,  togelha-  with  « 
fujiptcmentar^  mttnier  to  each  volume ;  and  thnt  the  pleKs  wiU 
be  fo  managed  as  lo  contain  a  larger  nvmbrr  of  fufijefls  execiitei 
in  the  brjl  JliU.  Thtfe  improvanenti,  tltough  attended  7vilh  ad' 
ditional  erpence,  are  fuck  as  the  Editor  has  thought  it  his  duty  t» 
adopt ;  in  order  that  the  vay  exten^v  commwm'ca/imis  Tcith  which 
the  Journal  has  been  honi»ed,  might  not  prevent  kiwfrmn  giving 
ell  the  foreign  difcoieries  and  fuck  other  general  iritelligettce  as 
the  nature  of  the  plan  demands.  It  tall  eajilij  be  feen  that  the 
additional  copy  will  by  this  means  amount  to  one  half  more  thautt 
the  former  guaniitj/ ;  and  it  w  unnecejfary  lo  poiitl  out  the  great 
advajitdges  which  mu/l  refuit  front  J'uch  an  addition.  The  Editor 
tates  this  occajion  fo  repeal  his  acknowledgments  for  the  encoH' 
ragemetU  ahich  has  been  given  to  his  exertions,  parlicularlij 
within  the  lajl  twelve  months,  in  which  the  fale  has  nearly 
doubled.^  The  quantity  of  original  matter  continues  to  increaje, 
(Mid  amounts  to  more  than  half  of  the  whole  wori.  Great  part 
vf  the  remainder  conjj/is  in  foreign  articles  neicr  before  puUiJhed 
in  this  countiy,  together  withfotne  extrads  and  abridgments  from 
cur  befi  academical  tranja^ions.  The  whole  piiblicatian  may 
therefore  be  confidered  as  original,  Jince  it  is  never  made  up  6y 
ertracis  froni  the  periodical  works  qf  this  country,  which,  on  the 
contrary,  very  frequently  copy  front  its  contents. 

'  It  hai  been  neccfTary  to  reprint  ■  confidnable  part  of  the  fomier  voluDM^ 
in  order  to  make  complete  Jet>,  which  may  now  be  had,  or  stij  (ingic  Dainher* 
er  Toliunnt  irom  die  conuncnceiimt. 
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f  ARTICLE   I. 

|«->r«nDAVits  GiDDY.£/y.  M,P.  dejbribiiig a fingutar 
^  ^  tkt  intijible  EiaWioiK^  Sitam  and  Smnkt  logttlitrfivm 
k  Ckimmg  of  a  Furaia-r ;  thaugk  eiUitr  tf '  them,  \f  Jipvautf 
fkted,  m  tifibk  *t  nM- 

I  To  Mr.  NICHOLSON. 

NiR,  Cliflon,  Augvjie.  1805. 

pMVELUIiKJ*  and  a  variety  of  occopations,  have  hJ-PMnliii  fidi 

El  prevented  me  from  Tending  you  an  accounl  of  ihe  cir-^*,^^ ^ 
»nces  obferved  by  myrelf  and  oihen,  during  the  woik-TrcYithick'i 
ofan  engine  on  Mr.  Trevitttck's  conflroSion,  at  Menhyn""**"*''^ 
Iwell  in  Souib  Wales,  and  which  I  had  the  plearure  of 
ling  t»  yoii,  fame  lime  Qnc*.  in  Soho  Square,     t  novr 
4init  a  flatement  of  the  iaBi,  avuiding  all  coromeoti  oc 
inptiat  cxplanaliori. 

§r.  Trevithiek  having  adapiea  his  Ream  engine  to  ihe'^he*"^**' 
„  ,       ,  .      .  ,  ginewa  diaM 

ptote  M  tnovmg  WB);Kom,  tontnvcd  every  acceflarypHri  [om.,.rJcw-- 
tgllil  as  ha  polfibly  could,  and  as  liltle  inconvenient  to  per-''  «'•  ">*  "^ 
f  who  might  affift,  or  wilneft  an  ejtperimont.  The  due^fiiiji:]''''" 
eonveying  olTtiie  fmoke,  and  affording  a  draft,  will  made 
Wl.  XIL— SuTBUiaii,  I80£.  M  of 


M 


Kciihei  fmake 

«ilib)c. 

Wlienlhe 

eS  the  Kcui 

VM  vlfibk,  <Dd 

wu  ftui  dIT  ihc 
rniolu  wu  vi. 


The  draft  ap 
the  chinae]!  wu 
incKifed  b|r  chc 
idniniciii  irf  [he 


INVISIBLE   EMISJIOM    OF   STSAM    AKD    SMOKt. 

of  rolled  iron ;  and  the  fleam,  which  wholli  ell^apcs  from  th<tS»t 
nacHines  nnrondi^nred.  was  condufied  Into  the  fame  liibeal 
about  a  fool  iibnve  ill  inrcrlion  into  the  boiler ;  iherpfore  manyi 
feet  from  the  tire,  and  beyond  llie  [e);iner.  Wlien  the  enj;! 
hi-gan  to  move;  it  wai  foiin  remarked  lh»t  ncilhet  fleam  i 
Tmoke  were  fccn  to  ItTue  ti-om  ihe  tlue:  and  wbcn  frefh  c(m(| 
wai  added,  nothing  more  than  a  l.iiiil  while  cloud  becatni 
apparent,  and  thai  onty  for  a  (lioit  lime  ;  nor  were  dtupi  0 
mid  viliblf  any  where.  iL  »ai  ptupuUul,  ilial  tlie  n^>llfi(| 
lllould  be'flnwti  clnfed  ;  and  at  [hit  was  done,  a  rondeiifatto^ 
of  fteam  manififfled  itfeltal  a  fmail  dinanccliom  the  rhimnejtj 
and  finally  appeared  in  ihe  fame  quaiiiii),  at  il  il  lud  piOi 
ceeded  immedialely  fiom  Ihe  builer.  The  expeiiment  waf 
then  reverfed,  Tlie  fleam  wat  gradually  conhned  to  th^ 
boiler;  when  fmoke  became  more  and  more  vifible,  lill 
equalled  in  qusnlilv  and  appearance  ihni  commonly  produced] 
by  a  fimilar  (ire:  and  ihefe  irials  were  aliernaled  a  great 
iber  of  limei,  with  unvarying  fuccefj.  Ladly,  iL  became 
a  mailer  of  fpeculaiioa,  whether  or  in  whai  degree  Ihe  drafti 

aff«aed  by  ihe  adroiflion  of  Oeam  inio  llie  flue. 
•fcetUin  thit,  every  one  prefent  liioked  as  alleniively 
polTible  into  Ihe  lira-place;  while  the  engine  moved  u  tbt 
rale  of  a  few  {Irokea  in  a  minute;  and  all  agreed  in  dfl 
daring,  that  the  lire  brightened  each  lime  Ihe  tiom  A 
(ained  adniillion  into  the  chimney,  ai  liie  eogine  mado  it 
flrolte. 

1  am.  Sir, 

Your  very  faithful  humble  fcrvanl,  j 

DAVieS  GlDDTj 


0*  A  Uetporie  Stone  that  foil  tn  iIk  Neighbourhood  of  Sigen^ 
inJrragQn,  in  1773,  bf  Prqff^  P^ovij'*. 


HE  sulhoi  begin;  hji  paper  by  tome  previoui  biflorica| 
No  one  now  queflioni,  ibtl  flooet  have  fallen  frc 
lofpbete  in  ditTerenl  patU  of  tb«  world.     The  anciei 

Ayidg^lfrem'tlK  JonoMldc  Phyliiiue,  for  March  1805.   ^ 


«n    HITtOlie   STONKI. 

tnenlion  II  a«  liBfinf;  ocruriefl  ■!  Mrioui  time*,  ant!  lifpf  age* 
h«ve  recorded  the  lime  and  autheoticaied  circuii. fiance*  of 
feversi  fuch  incidenh.  In oarown day,  fti.iie*  or  fflir.<-nl  biidtet 
teroied  meieoric.  liai-e  been  cuilcfl.-'i  in  llie  Eaft  Indie*. 
America,  Stotland.  England,  Ffsnte.  hah,  Hunga'y,  and  "d Jn .n  pjrti 
laftly  in  Spain:  and  Ihal  noihiiig  mav  be  waniint;  m  I'ulure  W 
convince  there  who  rerufe  iheir  sirenl  lu  llie  uniled  tefttmony 
rf  all  «gei  and  all  counlriei,  nature  appear*  to  have  piiipofely 
ordered  a  repetition  of  Ihis  furprifing  phenomenon:  no  longer 
•go  llisn  Ihc  26lh  of  April,  IS03,  a  (liowci  of  ihefe  (l<me5Show-rof  ftoota  - 
covered  a  fpace  of  ground  I  wo  milei  lorg  and  above  a  mile  '"  '  J* 
broad,  near  I'AigIc  in  Normandy.  The  Frenili  Iiiftiiuie  im- 
mediate!)' nnminaied  a  commilFioner.  lo  examine  inio  the  fa& 
on  the  fpot,  to  take  the  depofilion*  of  wiintirei,  compare 
ihem  with  the  circumflancn,  and  bring  fonie  of  the  flunes  lo 
Parii. 

Al  the  did  thing  to  be  done  with  a  new  mineralojciral  ful)-  Aniiyfii  of 
Amce.  is,  to  analyfe  it,  ihe  Prelident  of  the  R.ij-al  Socirty  ..I  "^,','^j  m/^  ' 
London,   and  feveral  other  gentlemen  who  had  fuch  (tones  in  Huwiid, 
tiieir  colledions,  pm  them  into  the  hand*  of  Mr.  Howard,  a 
Member  of  the  Society,  that  he  might  fubjefl  them  to  chemical 
txsniination.     He  lound  lo  hit  great  furprife,  that  all   Ihefe  who  faund  ilw^ 
flonei,  from   the  remnieii  iiusfleri  of  the  globe,   '^''"'*'"^'' Jhef,"™^ 
ttebme  principle;^,  dilTeiing  only  in  proportion;  and,  whattioo. 
wai  flill  more  llriking,  that  they  all  contained  iron  combined 
with  nickel,  a  compound  lo  be  met  with  among  none  of  ihc 
ninerali  in  any  part  of  the  globe  with  wliich  we  are  actjuainied. 
yaaqaelin  ha*  fincc  confirmed  by  repealed  esperimenti,   iha 
accuracy  of  Mr.  Howard'^  obfervstrons.     All  men  of  fcience  TTiry  Iutc 
'   bave  hence  been  led  to  conclude,  that  thefe  flones  mull  have  thtniart  * 
a  comiDon  origin;  but  whenc«  they  originate  is  the  queflion.  '^ 

I>o   they  belong   to  that  earth   on  which  they  fall  ?  are  ihcy  btitwhcnce  t 
formed  in  the  atmofpheie  itfelf?  or  have  ihey  been  prujeded 
from  lunai  volcanoes f  On  ihcfe   points  men 't  fenlimenii  are 
divided  ;  and  (he  arguments  have  been  collected  by  Dr.  lurn, 
n  his  lAlkotogie  Almo/p/ieri^ue. 

One  of  ihefe  ftones  has  been  in   Ihe  royal  cnlleilion   ai®"* '"  *'*'*' 
Madrid   ever  lince   177S,      This  the  miniller   has  allowed  m«J|^',^*' 
Mr.  P-  to  analyfe,  leaving  the  principal  pari  of  it  flill  in  the 
coUeaion  Ibi  the  laii^faaion  of  the  curious.     Tiie  following 
leitct  was  feat  with  it  lo  Don  Manuel  de  Roda,  Miniller  of 
f  hy  ike  cap  tain -general  of  SaragofTa, 


Aecomt  of  its   *  ^  In  Kovmiber  bfi  an  extraordinary  octorfeoctf,  ^M  lf> 
^^*  lave  happened  on  the  SereBteenlh  of  that  Menth  in  a  ploughed 

Mdat  Sena,  a  village  in  the  6'vtin€t  of  Sigeiia^  was  the  fab- 
jeA  of  convcrfalion  io  this  city. 

"  The  fky  being  perfedly  ferene,  three  reports  refemUing 
thofe  of  cannon  were  heard,  and  followed  by  the  fiill  of  • 
fhme  weighing  nine  pounds  and  one  oancc,  at  a  little  dMance 
from  two  labouring  men.  One  of  them  went  up  to  it»  bai 
the  (Irong  (inell  it  emitted  flopped  him  a  moment. 

*'  Recovering  fironi  his  furprife  he  went  nearer^  raifed  it  op 
with  his  fpade,  and  waited  till  it  was  faficiontly  ooU  for  him 
to  carry  it  to  the  village,  where  be  delivered  it  to  the 
pried. 

"  From  inquiries  made  immediately  afterwards  on  the  fpot, 

and  among  the  people  in  the  neighbourhood,  it  appears,  that 

the  noife  in  the  air  and  fall  of  the  (lone  were  not  accompanied 

with  any  ftorm«  or  with  fightning/' 

Anddver  toettt*      To  bring  into  one  view  all  that  is  yet  known  of  ftones  fall- 

ncihowtror     ;„^  ;„  Spain,  the  author  fubjoins  a  letter  of  the  Bachalof 

itRoainSpiin,  Cibdadrcal,  on  thofe  that  fell  in  the  village  of  Roa^  near 

in  1438,  Burgos,  in  H38. 

fn  ^  vkw  of        "  While  the  King  Don  }ohn  and  his  court  were  hawking 

the  Kiat  of       near  the  village  of  Roa,  the  fun  was  concealed  behind  white 

^^*^  clouds,  and  bodies  refembling  gray  and  blackifli  fiones  were 

feen  tu  iall  from  the  air,  of  fuch  bulk  as  to  occafion  tbe  greateft 

farprifeti 

The  ground  was     "  Alter  this  phenomenon  had  continued  for  an  boor  the 

covered  with      ^^^  re*appeared,  and  the  falconers  immediately  rode  to  the 

place,  which  was  not  above  a  mile  diftant.     They  brooghl 

back  int'oruialion  to  the  king,  that  the  ground  was  fo  coro« 

plelely  covered  with  flones  of  all  (ises  as  not  to  be  vifible. 

**  The  king  would  have  gone  thither,   but  his  courtiers 

prevented  hiro«  obferving,  that  a  place  chofen  by  Hraven  for 

the  theatre  of  its  operations  might  not  be  free  from  danger^ 

and  that  he  had  better  fend  foroe  of  his  attendants.     Gpnea 

Thefe  '^orcs      Bravo,  the  captain  of  his  guards,  undertook  the  office.     He 

y^  *^y  brought  four  of  the  flones  to  Roa^  whither  the  king  had  already 

retired.     They  were  of  confiderable  (isse :  fome  were  rounds 

and  as  large  as  a  mortar,  otliers  like  pillows  and  ka^-ftmtqm 

Mctremely  light,  meai'urcs  (lugh  as  contain  about  4>jlbs  weight  of  com,)  but 

wbat  was  rooft  aftonifhing,  was  thdr  exceifive  ligbtneCi,  fined 

4^  .1  ibi 
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tii«  fci)(eR  ilid  not  wei|;h  liall'  a  poimd.     Tliey  were  nf  fudi  fi  4^tcsil«r-: 

■  l^nrfer  texture,  that  they  t«rcrnible(l  the  toam  of  ilie  fc»  '"'""■ 
condenri-^  more  ihan  any  iliing.     Vou  might  Ihike  on  liicm 

with  ynur  tonrf  Miltinui  Iraro/ bfuife,  or  pain,  orih«  nighieft 
araili.     The  king  h»  ordered  feme  (o  be  lent  j«v,  Stc* 

It  feem*  tVoin  (his  d«lcriplion,  (hat  thde  flnties  inufl  tiav« 
hem  ^ery  dift'ercnt  from  (hofe  of  the  piefi:nl  day. 

■  TtW  Abne  ol  Sigena,  when  delivered  (o  Mr.  Proud,  welched  The  Hdnc  of 
fi«  pound*  ten  oiinte».     With  it  wa«  a  piece  of  three  or  four  SigwdeienbcJ. 
Vtificeii,  the  only  one  remaining  of  iHoIl'  that  had  bc^n  broken 

ifrom  it  by  curin"!  perroi)*.     It  was  JnterfperCed  with  (pot*  o(  'i«^^H'»5t* 
full,    bnth  exfrtnally  and   internally,    owing   probabl)  to  its  '"  '  '""■ 
baring  been  immeired  in  water  to   try  the  effVfl  of  lllal  fiuid 
on  it.     Prom  ihcfe  however,  fome  inftruAive  infcrL-ncei  atny 
■h»  drawn  rripefling  the  naiive  place  of  ihefe  Rone*. 

Ill  lliape  is  an  irregular  ovat,  levcu  or  eijfht  inchen  long,  '"  B(«m. 
fcuror  Ave  broad,  and  four  in  itsgreateft  ihicknefs.     One  6de 
'b  ftilttlh,  a  lillle  deprelTed  in  the  middlir.  and  very  round  on 
ttlMedgei:  (lie  other  i^i  an  obiufe  triedral  pyramid  with  un- 
'•qtralfidei,  greatly  rnunded  at  the  fummit  and  on  (heedg»*. 
Il  appears  to  have  had  the  black  vi(reou}  cruft  common  in  ''''»^ '  viatam 
KAom*  of  this  kind,  thnugh  from  its  fragility  the  grealcr  pari  "" 
ttiMi  iai\tn  off  in  palhng  through  many  hands  and  reccivirrg 
MKcaCunal  blow.:,  fa  that  none  remains  except  in  the  hollow 
t«ef  tht!  bafe,  and  a  liitle  on  the  faces  oS  the  pyramid. 

On  namining  this  cruft  it  is  eafy  lo  fee,  thai  il  muA  ha(-e  Thii  mufl  h<n 
ibeta   the  tftcft  ol  heal  fubfequent   to   the  Inrniafion  of  Ihe  ^"p™i""^ 
l^one,  and  unqucHionably  very  powerful  though  momentary  ;  menury  he»t 
fince   the    metallic   and    fulphureou^    pariidt?    immcdisielj  ^""'t"  fi"*^ 
ibeneatb  the  ciuft  had  not  lime  lo  change  cotoor,  or  even  lofe 
tbeir  In  fire. 
Jl  hai  all    thi  poroHIy  of  an  aggregated   mafs   of  fandy  Ii  it  poroui, 
kifMrlicl^wiihout  any  cement,  fo  thai  ihu  breath  will  ealily 
pafa  through  a  piece  held  between  ihe  teeth.     It  will  not  n«»ei)r  hwd, 
flrike  (ire  with  tteel,  and  the  fame  may  be  bid  of  the  pyrites 
Jt  conliin*. 

its  colour  is  a  unifurm  bluilh  gray,  like  that  of  a  black.  Tub.  vf  *  bluifh  {tij. 
-ilance cnlighleneil  by  a  white:   it  it  tile  hoe  of  an  earthy  cum- 
itjiound  tinged  by  iron  oxided  at  a  minimum. 
,^     *  Pocf  ihii  d«fcriptioa  agree  t*wh  what  Ii  bid  above,  lh»  fevtral 
'jgie^M  hive  been  broksa  from  itf  Apparmtlj  al>ovc  a   quaiuruf 
l^^oc,  gu  Mni^sfing  it*  original  anci  piclicnt  wEighc,     I,  C. 
■ *  -  '        Tl« 


Heat  deepened 
Itft  colourt 

and  oxided  the 
meial. 

Grei^frheat 
lufed  it* 
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1th  a (af4r  '^^  A^*^  >*^^1^  '•  «  ^n<ly  n>^'t  formed  of  roomldd  oval 

na^'i  grainsi  the  lar^c^A  of  whi€h  are  fcarccl/  bigger  than  hemp* 

inrerfir rfrd  wdtk  1^^    among    which  are  interfpt-rred   metallic  and  folphn-. 

?iipr.u?eoui       ^*^*  particles  with  all  their  primitive  luAre.  and  particnlarlj 

par:iclLi.  with  that  light  tint  of  kupiernickel  oUerved  in  the  other. 

Itbfianuiestie  ftonet.     On  «'samining  the  earthy  grains  by  the  mioofcope, 

cryft^Uiiiic.         ^^  perceive,  that,  br  from  having  been  fiiftiiafied  hy  ibe 

movement  of  water,  they  are  giobules  rough  with  cryflalline 

or  reflecting  poiiit»|  (q  that  they  can  by  no  means  be  con* 

founded  with  fuDd. 

A  piece  of  alxiut  two  inches  being  expofed  to  a  red  heat 
in  a  crucible  fur  twlf  a  quarter  of  an  hour  was  much  changed  & 
the  far.rly  globule>  becauie  of  a  darker  grvy*  and  the  metalliQ 
particles,  divefled  of  their  luAre,  were  vifibly  oxided. 

About  two  ounces  were  liealed  for  half  an  hour  in  a  forge 
fire,  which  converted  the  Aone  into  a  femivitreous  mafs^ 
blackifliy  and  flightly  porous.  It  did  not  appear  to  have 
efTerveb-ed  much  previous  to  fuiion,  and  was  interfperfed  with 
globules  of  iroHf  which  had  nut  time  to  defcend,  tboagh 
upwards  of  a  hundred  grains  uf  a  regulus  were.coUeAedat 
the  bottom. 

The  iron  attradable  hy  the  magnet  was  not  nntformlj 
aiuch  magseuc  j^^j^^  jjj  ll^^  ftone,  as  from  fume  parts  22  in  the  100  were 

extraded,  from  others  not  more  than  17. 

This  iron  was  combined  with  nickel  in  the  proportion  of 
about  3  per  cent.  No  nickel  was  difcoverable  in  any  other 
part  of  the  flone. 

Af  er  this  alloy  was  feparated  by  the  magnet,  the  remainder 
of  the  ftone  was  found  by  analylis  to  coniiA  of| 

Iron  fulphurated  at  a  minimum  •  12 

Black  <;xide  of  iron        -  •  -       5 

Silex  -  *  •  •  66 

Magnefla  •  •  •  -      20 

Lime  and  magneiia  in  quantities  too  fmall 
to  be  appreciated  «  • 


It  eontaliiel 


combtned  with 
pickeU 


Conftltuent 
parts  of  the 
rfinainder. 
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Kewhypnthefis.     On  confidering  the  rapid  alteration  of  thefe  flonet  by 

'^obIib^"fn'the    "*°*^"''^*  '^r  *  fragment. kept  twelve  hours  under  water  was 

polar  regions,     taken  out  covered  with  fpots  of  ruft»  which  diftinguilhcd  the 

grains  of  alloy  firom  the   fnlphnreous   particles  with  which 

they  were  before  confounded ;— it  is  obvious,  according  to  the 

authoc 


MB.  escaoxir  < 


I  HscHAiiic  roKsk, 


Hlhor,  lltal  Ihey  cannol  f.ibliR  in  any  o(  the  habitable  parli 
jof  the  globe.     Bui  from  ihe  metnal  cold  of  the  polar  regiMi>, 
whcie  v>kicr  ienijiii«  fui  ever  ■  l<ili<)  mai),  and  iron  minol 
mfl.   tMt  lhiolt«  wc  may  icalimabl)  luok  to  Ihefe  regions  ai  lh«f 
DMi*c  pUce  ot  fiidi  Unliei.     In  ihii  ti«  inliAs  there  i*  nothing 
inpoffiblc,    at   evcit   imprtibable.      And    why  (hould  thole  whence  Oitf 
neuwi,   be  drmand*,  .o(  whicli  we  knoiv  neither  the  origin,  o'ihci"pirti  bj 
tbc  ranibufliblet  ihat  aH(>rd    ihem  aliment,  the  impulCe  by  mcuoii. 
wtuch   ibey  are  muved,    nor  the  nature  ot'  the  tinet  they 
^fcribe  in  [li<-i[  courle,  be  lefs  capable  uf  tearing  lb«n  from 
6mv  fn  ^f  tl'c  fi'obe,    than  of  Ibrroin;;  ihem,  contrary  lo 
■it  r^y^kat  p'obabiliiy,  from  elcmenii  which  the  atnofphero 
ttaaK^k'i'  create  iiut  buld  in  fulution  ? 


ivHhrr,Uamirks  on  Mechanie  Pauier,  in  Hrpfy  to  Mr.  J.  C. 
UttrnbiauKT.    In  a  Lclier  fivn' Mr,  O.  OsecoAY,  Ro^t 


SJK, 


To  Mi^  I4ICIIOLSON. 


J  AM  rcy-ry  lo  be  under  Ibe  necelGly  of  troubtiog  yw  wilh!'''''''!"^ 
afewobfervaiions  for  inferlion  in  your  Journal,  io  confeqnence"'"''  '* 
of  being  rilled  upon  b^  Mr.  Hurnblower,  at  .though  it  were 
to  defend  fome  newfangled  dnctrine,  when  ibc  pofiiioni  in 
iny  former  Ittlcr,  which  lliat  genlleoian  thinks  proper  tucen- 
fure,  ate  in  pcrfcfl  conformity  will)  the  principles  alTumed  or 
demonfliated  h)  every  corrcfl  writer  on  mechaDical  philofopliy 
fince  it  ha^i  been  placed  upon  Iti  proper  bafis  in  the  Principle 
I  now  invited  lo  difcafs,  has  To 
the  clesrel)  light  by  various 
<n  the  Conlinenl,  that  I  lUoulit 
erupting  many  of  your  pages 
out  of  regard,  however,  lo  fo 
•.  Mr.  H.  I  cannot  help  entering 
igh  I  am,  Iconlels,  quile  unable 
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of  Newloii.  The  fubjpfl  I 
ftequuotly  been  exhibited  ii: 
author',  both  in  England  and 
DOl  Ibink  mjfalf  jufllfied  in 
by  an  elabr.rate  differlalion  ; 
refpe^able  a  curn-fpondeni  a' 
altltle  inlotbedrfcuHion.  ih 


tbafcerlsin  uheiher  hi' bn  Idler  is  meant  to  oppole  my  former 
reinarVg,  and  ihnfe  o[  ProfelTor  Kobifun  with  ferioifi  argu- 
taent^j  ot  is  tnerely  intended  at  ajfi  li'tjpril. 

II 


Mk.  CBtaoxv  OS  MKctnHfo  r«w>i. 
It  vrill  not,  f  hope,  be  «poa«il  llM  I'  ftifluld  point  mi  In 
what  iiiAaKCei  Mr.  H't  reiuiki  appesr  In  tn0  complctet]'  ir- 
rebliva  to  tfm  fubjc-a  in  kuid  ;  »r  ihc>l«  in  wliicit  he  leenis  to 
hftve  railuMlvrfload  lltu  »tguiaam>  (if  ihe  Me  leered  PrufelTor ; 
fueh  ■.  piKadiite  imcmU  <inlj  leitj  into  farther  ttircnffio",  wKtIw 
I  fe«l  Ii]lkCilo«i  lo  ■vuid'ii.  Imm  a  ctrnfciinrner*  thai  it  wonM* 
be  V«iy  UDintnvflinK  l»  nmA  ut  vour  reMtlet*.      1  (hall  ftriv»* 
lawMifina  ojWIf.  ibonrtore,  lo  lurh  oi  Mr.  H'*  enquiries  «t' 
b<4u  MpiUi  Ilia  i^iiu  LU  dil|Miia,  aiiil  lot  thr  fak«orcondenfln|^' 
nty  laliQura  ihul'  lxi^ii>  wab  ihai  in  hi«  p<>n(Gript.  ^ 

full  ilieii,  1  will  cfukuTtiur  io*<  (i:l  Mr.  H.  rijihl  u  la  ths^^ 

i.^BiUii^  at  oiuwl  aoMioni  Bnd  ur^udio  pfrnwr;"  ■nd'io  tfcJ**« 

"  end  il  will  be  leqniljle  lo  molmmr  llie  qurAiun, — «ih«fain».** 

cliajiic  power'  excluding,  lor   lite  pceleni,  Ihat  acceplaiioii -^ 

of  rtw  l«rin  m  whkfi  i>  n  nnricrflood  lo  denuic  one  of  the  StT ' 

fi[ii{ile  mactiines.      N<i«',  it  it,pfelly  obvioui,  thai  the 

powifr,    force,    &c.   when  ufed  in  mecliemcal  fdence  tra 

puielj  iDMaphuiicali   lot,  M'Ptgfnflur  Dufald  &t«M»rd  n^xl 

Mark*.      (tUtMHll   '/  (i«  fM^ft*^-  V  <J>«  lUmm    Utind,  -i 

p.  202)     '■  All  (he  languages  which  have  hilbert*«killed  irV' 

Ihe  world,  have  derived  iht'ir   origin   from  popular  uji;  and' 

(heir  applicalion  lo.ptH)a(bpbU»|lptirp(A:<!  wai  alii^eiher  oiill 

of  Ihe  view  ofihofeflien  who  6ill  employed  (hem."  hKhfpimgt 

"    commenced  aniDnjjfl  fimple  men,  who  had  lilllc,  if  «j(  %ci 

quBJntance.-with   what  is  now  cdlled   fcience:  and    in  the 

gradual  progrefi  of  moll  naiiont,    from   ihe  lavage  to  thf 

[1iephef\l  ifale,  ihence  lo  Ihe  agriculioral,  and  firilier  to  (hi 

rommerciat'  IFate,  it  wouM  be  very  long  bt:fore  they  «von!i 

ihtnk  of  allaching  any  other  meauing  lo  itic  leims  in  the  difi 

ferefit  Isnguages,  corrcfpowding^  lo  power,  force,  aClion, 

fidance,  rapalfion,  S:c,  llian  ihol'e  whipli  w.cre  msnir^rtly 

ferable  to  the  ditferenl  kinds  nfhuinan,  or  of  aoimal  ncrlio»'| 

in  fubf«c|a«nt  time*  when  fLieniific  men  began  lo  claHiJj 

arrange,  and  ryflemalize  ihc  phenomena  which  iheyobferve 

in  the  congrer^,  motion,  and  inulualuiieialion  of  bodin,.  lli(; 

found  it  much  eaSer  to  Jchole  the  viicumAances  ibejr  woul 

di^cribe  or  treat  of,  by  a  figurative  application  of  old  term 

la  which  Ibme  analogous  notions  wpuld  necelTa'ily  be  stiaptHl 

by  ercry  perfon,  than  lo  invenl  new  ones,  which  would  t 

attended'  by  nO'  ideai  independfinl  of  on  arbitraiy  definilioi 

Hut,  in  Utiis  applicaliotij  was  there  any  danger  of  imporlaq 


tnm,  ftr  iW  tMnga  lo  which  lh«  l«m«  were  spprnpilaleft 
m»mU  exhibit  (bdi  fpecific  tflTerOTcesM  would  nlnioft  Lniir-ty 
pirclude  ihc   cliance   of  cmilounditig   one  wirli  ani'hft  j  and 
le*T<i  no  to»tn  (o  tear,  tlrai  when  the  terms  »v«te  Bpp^erf  lo 
■M«MMi(c  being*,  they  wnttM  be  cnnclitdpd  to  txfrrt  ItrCnf^rh,'  „, 
ar  in  poflcdi  powet,  s*  animate  ftiJ  ;  bhv  mnrc  iPan  if e  IhouU* 
n*ir  tear  being  milXimletltivid  wh«n  wir  I'peulc  nf  the  ('otc«  oF 
■Tgumentt,  Ihc  aiiradion*  ot  brnevolence,  tiie  hfi-inaAnrif  uF 
btaat]'>   «jr  ihv  rep«IfivB  Icndfrey  of  wivy.      Tl'b'',   f'l'itt 
COnUmpUlin^  th«  prowU  of  this  gradual   refinemetil,  (a  r^ 
fiiMneiu  ^roduied  nut  bv  barren   rpeculittori,    hut  'by   th* 
nrcHb*}  d«Mn>i4s  occafioned  by  (he  progrHs  <d'  citflliBniW.y 
wv  fce  (hat  the  vrord«  power  and  foici^,  prim.irdjr  uftif  l4^ 
<W«etc  animal    en«r);y,    are  now,    b)>  a  HMuniI  ««eiiflMr 
grounded  upon  an  (ibviuui  analogy,    employed  lo  exptcA' 
Q)lCTra«t' in  general,     h  wiHhttneebeenfy  in  afli^n  rh<?  pVti)ier 
philofophieal  arrcpUtinn   «f  Ihefe  lefriw;   when  Olfd  in  fht"      ,    . 
fciaiKe  of  meoliaiiic-.      Fo'Ce  or  potier,  iaii  meehifriirat  flmjt;'^'^'"' 
it  ttM,  wbaievrr  il  tev.hieh  cmijei  a  rliangfrn  rh^fiatc  pf  n:„^j„„, 
body,  Vikcther  shut  pile  be  rrfi  or  nf  li'in.     Tliin  dehuJUim  df*! 
nol  reijuire  our  entering  into  any  mc-(3ph)li<'a[  dilijuiliiioqt 
relklive  lo  (he  nature  of  caales.  or  the  cinnictiini  «\  cau))|| 
ajideficfl:  ihal  every  even!  it  brought  aboLii  b)  lomc  taufff* 
that  is,  by  IbniB  agency,  or  fomelhing  wlttcli  piccrtius  la  tlia 
order  of  occurrence,  in  a  irulb  whidi  1  think  notie  will  b« 
(b(poM  to  deny ;  but  what  it  ibe  agency,  or  where  ilia^ally 
refidBi,  we  un  feldom  know,  «Ncepi  perhapi  in  the  rafe  of 
OOF  own  wilunlary  aftions.      It  is  not  iheti   the  bulincfi  of"th(-  F^ttr 
meoharriH,  fluflly  fpeaking,  to  enquire  Into  thttHiiduffpeiandl!^^.^ 
we  teaTn  fh)m  univerlal  experienit-,  (bat  the  muftular  energy'  tliEiw 
of  animaM,    ihe  gperation  ot"  gravity,    eleaiiciiy,    impaA,  °*'^ 
ptefTure,  8ie.  are  fources  o(  moiion,  or  of  mudificfiiioni  of 
motion;  and  iieiice,  without  pretenditig  to  ki)ow  any  ihio^ 
of  the  cITence  of  either  of  thefe,  we  tju  i^ut  heftiaie  tu  call 
ihem  iiiectuuuc»l  furcefti  bet^aufe  il  n  tnromruveniblc  tliM 
bttdioB  expofed  la  ike  ties  a&Uto  irfeiiher,  are  put  into  moiionr 
t».  bttve  Ihc  Ante  of  iheit  mtiiion  changed.     Ferret  dunvfore, 
b*wg  only  Lnixnn  III  iK  by  llwir  efTefli,  can  only  bo  meahired 
by  flw  effrfh'  lh<^  produce  in  like  circumflaoees,  nhciher 
Ibefeetfecit  be  creating,  accelerating,  retarding,  titfiefling, 
or  preventing  motions;  and  it  k  by  coinpanng  il;ufe  ctfe&f. 
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or  bjr  referring  them  lo  (one  conmoii  ncofare  of  rtorij 

preciatioD*  ihai  mechaoict  ii  made  ono  of  ihomiheaolnl 

fcuuK-eii  *. 

Ammtl  f  ffnrts        Thcie  iihfer«'atioM  will  enable  ni  lo  fat  Mr.H.  <*  right  «■ 

^^dumt'^lmm  '^  ^^^  Ki«niit>  o\  anitmd  exerHom  and  wwckamc  pmtfer/^Aaktmk 

eflfuru.aie  juftly  coiifidered«  both  by  the  Matbematidao  aaA 

the  padical  Engineer,  as  conftituting  omjpeeiei  of  mechawe 

power;  when  ihefe  eSotit.  give  to  bodies  equal  momenUp  or 

give  to.  eqaal  bodies  equal  velucitie»»  it  is  truly  .fai^  th^ 

animals  exeit  equal  forces i  and  fire  Ciy  that  aninal  power  k 

greater.  OP  l«r%  a«  it  h  capable  of  imparting  to  bodies  greater 

qr  le&  mumenia^  or  at  it  is  capable  of  flopping  bodies  moving • 

^ith  gceaier  or  lefn  moeienia :  and  the  language  of  (cienlifie 

men  is  analogous  to  this  when  tliey  fpeak  of  any  J'orees  wbatp 

^ver.  *  r-  !•■.•■  ■       -»:.:.■■ 

^Lt^  to  Mr.      -  It  is  now  time  to  proceed  toMr.  Homblower's  antmadver* 

^jf'*"**'^  fioDs  ypoo  the  inflance  I  adduced  (and  many  others  might  be 

adduced)  to  tbew  iluU  Mr.  Smeaton'a  meafure  of  mechaaical 

power  and  elTed  is  noi  oniverfally  appLcable.    I  a0brled|, 

■  ^  '• 
e  That  Mr.  Homhlower  may  not  reft  upon  the  mere  authority 

ef  any  theoietic  man,  I  heg  to  throw  into  this  note  an  extraft 
from  the  Mechan  que  Phihjb/:hi^e  of  M.  I'rony,  an  Engineer,  wfio 
enites  with  a  prciound  acquaintance  with  the  theor}-|  an  cxtenfive 
praCHce^  and  whole  exani|iein  this  refpeft  I  fhould  itncertly  rejoice 
t»  (ce  more  frequently  imitaitd  in  this  coantiy. 

**  La  natuie  <ti:  cttie  caufe  dc  mouvementy  nomm^e  Jvrce  am 
jaajftthccs  nous  eft  Kout-&-fait  inconuue  I  Phonune  appelle /Svvf  la 
^ulid  organique  qu*il  a  de  ie  moiivoir»  dc  s'arr^ter,  dr  prodnira 
Qu  %ie  fatie  cefltr  le  mouf  enicnc  dei  coips  qui  renvux:anant|  ct 
(ant  fjvoir  en  quoi  confifte  cetie  facult^^  il  a  fuppu^  qu^il  exiftait 
quelque  chofe  de  fnnblable  dans  Us  agens  phyfiques  qui  Amt  ou 
quM  cro  t  etre,  fur  le  glohe  tm-cftie  et  dans  Tuniversi  les  caufes 
dii  mcuvemeot  de  d.fferens  corps.  Mais  nous  ii*avons  en  mc- 
caniqtie,  aucan  txrfoin  de  connairre  la  nature  de  \7i  force  ojx /auffunce 
qui  eft  nrpi^fei.teey  meTur^e  et  introJuite^  dans  le  calcuTi  -  unique- 
vent  par  les  eftn  qo*elle  produit.  Ces  effeti  (e  rfduifrnt  touyoutt 
a  libs  veteflcs  que  les  puiflances  on  tendeat  i  donner«  ou  ont 
€fie£tivement  donnees  a  de  certaines  mafles/*  **  Parmi  les  diserfts 
puiflances  que  la  nature  nous  ofFre,  il  en  eft  une  tr^s  remarqnable 
dont  il  convient  de  prendre  les  eifets  pour  terme.  da  comparaifoq 
de  ceux  des  autres  puilTances  \  c*eft  H  ficfameur  tenefire  a  la  furface 
de  la  tcrre,"  &c.  p.  ;;o. 

that 


B  liorI«  Aa^ding  llill  and  runainmg  a  weiglii  v>  hkb  liurg  ncpb 
ly  a  cord  oxer  «  lixed  pulky,  wimld,  ai'ier  a  due  inn'i\ «]  ot  *^' | 
.lime,  b«  complelely  riliguird,  allliough  ncliliec  ihe  anima!  norn,cnt 
ibe  weight  moved,  and  ilial,  of  conrequerce,  there  wai  a. 
fnwer expended,  of  which  Mr.  Smeainn'i  ruledi'd  nol  luimlh 
«n  ad«qua[e  mpafure.  Mr.  U.  ai  ibough  he  andccfi'iod  me 
toaffifin,  ihat  faligue  wst  the  «n^  indication  o(  merhanical 
power  expended,  inflead  ot  Imiiiing  il  to  animal  efibrtx  us  ih«  ^ 
^nuiefiioG  evidently  required,  exclaims  "  >'  "  really  diHicuIl 
Is  be  gr^ve  on  (ht<  occallon:"  p.  '26i,  and  nrj^iies  in  a  kind  af 
exalting  Arain  which  favoud  a  liltle,  1  am  afiaid,  of  ihe  Ipiril 
alladed  to  in  the  French  proverb,  Cbanler  U  irtcraphe  avant 
la  vili'nrt !  Lei  ui,  fnyt  ihi*  gentleman,  have  a  "  paft  inlle«d 
of  tbe  borTe,  and  lurely  ihat  will  not  tire,  and  what  will  b« 
Ihe  confequence  ilitii  ?  why  then  ihete  will  be  uo  power 
«3(penderi,  and  nu  eife^  produced."  Mr.  H,  then,  it  would 
Ckw,  has  torj^ollen  that  Ihe  pud  it  retained  in  tV.i  (ilUBtion  by 
a  force  whicb  in  tliis  cafe  oppolci  that  of  gravit;  aclinj;  upon 
the  liifpendcd  weight.  The  cord  running  over  the  piillrv  and 
(uAaining  the  weight,  being  Aliened  to  the  poJi,  wiiliM  tTiove 
il,  were  it  not  iliat  Ihe  cohedve  force  of  the  eatlh  in  which  ihe 
|loft  it  fixed,  changes  the  Rale  into  tvhich  the  poA  would  be 
tuougbt  by  (he  adion  of  gravity  upon  the  wetglii,  and  ix 
fuflicieni  to  retain  ihe  whnle  at  lefl.  If  the  poll  Here  .'ut  in 
loofe  fanii,  or  in  a  quagmire,  the  weighl  would  draw  it  away, 
and  then  1  fuppofe,  even  according  to  Mr.  H's  notion,  ihere 
(voald  be  a  power  expended,  and  an  etfcA  produced.  So 
likewiCe,  in  Mr.  H's  other  example,  oF  the  hat  hung  upon  the 
|Hn,  tbe  force  of  gravity  is  balanced  by  the  cohelive  force  of 
Ihe  wood  or  olher  matter,  into  which  the  pin  is  ducd.  But  it 
would  be  egregioui  trifling  to  dwell  much  longer  upon  fuch  in. 
fiances  ai  ihefe.  Mr.  H.  conceives,  if  I  have  not  completely 
mi fiinder flood  his  meaning,  that  there  ic  no  "  mtehanieal 
power"  dial  is  not  "  made  up  of  a  niafi  of  mailer  moving 
with  «  dclerniinale  velocity  ;"  and  as  fuch  an  opinion  mull 
either  arife  from  negleflin^  to  dilcriminate  between  caufe  and 
cSefl.  or  from  a  virtual  denial  of  the  whole  doAiincs  of 
[Btks,  (in  which  powers  are  excited  williout  any  motion 
being  produced,}  I  Ihall  hope  to  be  excufed  though  1  wade 
so  time  00  a  refutation  of  any  fuch  polition. 

Indeed, 


Indeed,  much  t>f  Mr.'H's  feafeAin|r.  hfll only  ««4lh Fef|)M 
to  tlie  pif)  and  ihe  hat-pe;^,  but-  IhroBif^i^t'  his  pdper,  reetnt 
to  reft  upon  a  tacit  adiriflion  (not  a  dk^Q  arbWaf^  tt  is  true,) 
of  the'  erroneous  notion,  that  forces  e^ertetf  by  animated 
hiring s  and  thofe  operating  through  the  intervention  of  m^ 
ammate  (hingn,  are  totatfy  diftinft,-nnd  cannot  be  fubAituteiJt 
the  one  for  the  other,  or  hAve  a  fair  coibpariibn  inftittrted 

ramiliiriBuiff.  bet  ween  them.  Wheftei;''on  the  contrary,  not  only  the 
theory  but  the  pfaflic^  of  Rkechamcs,  j)roceeds  upon'  the 
princtple,  that  thofe  kn^i  vie  equat  in  degree,  however 
difft^rent  in  their  ortgin,  or  \-arious  in  theirmode  of  operation^' 
which  produce  ecjuat  efTc-As.  Thus,  for  a  ^miliar  teatnpfe, 
in  the  boring'  of  a  piece  of  ordnance  ;  the  borc*r  may  eMier 
bo'brobght  vip  to  it«  pro/icr  pofition  in  the'gtifi  by  the  aAion 
of  a  nan  on  the  handle  of  a  wheel,  conneded  with  the  borer 
by  rack  and  pinion-  work,  -or  by  the  action  of  a  weight  ht- 
tached  to  the  farther  elid'bf '  a  lever  proceeding-  from  the  axle 
of  the  fame  wheel;  and  'Mr.  H.  might  as'vvell  deny  the 
pnffibihty  of  the  work  peirfbrmtsd  beihg  the  fahiein  l>oth  thiefil 
cafes,  as  deny  that  a  '^^ight  is  kept  from  iaTfing  by  an  equal 
force,  wheti  prevented  either  by  an  ariimal;'or  by  a  fixed  in- 
animate ohji'd;  or  deny  that  there  is  'ari  expendHore  of  m6^ 
chanir  power  when  a  rnalii  coonterads  the  operation  of  gravity 
vpnn  his  arm,  wheh  'extended  horizontafly.  While  fpeakllig 
•f  the  propdfSrion' which  iiftctudes  any  fuch  denial,  we  may 
£ifdy  apply  to  it  Mr.  H*s  own  language  ;-i-"  A  more  errone* 
Dus  propofition  was  never  introduced  into  the  theory  or 
practice  of  mechanics. ** 

■  Mr.  Hornblower  l.a's  i^ken  the  trouble  of  txtrafting  fe\'erri 
paffeges  from  the  Article  Machinkrv,  Sup.  Ency,  Britan, 

Miftakeof        and  among  them  has   taken    that  which' exhibits  PrOfetfor 

Profeilor  Robi-  £(,bifan*s  meafure  of  the  exertion  of  a  man,  who  walks  at 
Ion*  ■      *• 

the  rate  of  60  feet  per  minute,  and  raffes  a  weight  of  30 

pounds.     The  mcafurc  J7600,  which  this  gchtleman  thinks 

enormouHy  too  large,  is,  in  fa  A,  too  fmalT,  in  fo  far  as  it 

does  not  include  that  part  of  the  cxeniofi  required  by  the  man 

to  move  himfelf.     It  was  this  omiflion  of  the  learned  Profeflbr 

that  inluccd  me  to  lay  down  the  general  ftatement  at  p.  153 

ef  your  43d  Number,  though  I  thought  it  might  be  deemed 

inviducms  if  1  fpecificd' m)'  motives  in  that  place.     But  when 

Mr.  H.  had  commenced  the  labour  of  cxtra^ing,  it  would 

furely 
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4irel/  have  been  bM  cttidid  lo  proiiuco  ■  pkfHif*  whkh  ftrikst 

'Wrilh  fjreal  lotce  a^ainli   Uie  unvefrBliiy  ot    Mr.  Smt^ron'i 

B)e«ru[e.   Ett  ihe   lanra  lime  ihal   it  aHinttx  the   ulilily  of  l\iU 

AeafurC  lo  enicine«ii    in   many   CilVt.       Thiii  pal[uK<^   i>    a'' 

JpUwiwh: — "  WliBt)  B  weiRhl   of  fine    puundu  i«  emplf^ifd  !<■  ^"'''"™!"' 

drag  up  ■  weifTiit  (if  ihree  pound*,  bj  mean!  ol  a  Ihivad  iiv«i  (^^g, 

«  pulley,  it  deftcndt  n>itli  »  ntuiion   unitwiDly  accclemed, 

fiwr  fe«t  ill  (be  fnit  ffwtnil.     Mr.  Smeaion  wimld  call  ihn  an 

npeiKiilnre  of  b  metUanical  power   '^(J.     Tlie  weight  ihree 

pounds  ii  raifed   four  fi-ei,     Mr.  Smmion  would  rail   Itiit* 

mKlianical  efli-fl  12.     Tliufefore  the  eticd  prndiicH  i«  m/t 

sd«qiialc  lo  llie  power  expeniied.     Bui  ilie  IhcI   is  thai  the 

pKlTare,  drain,  or  mechnnkal  power,  really  exrrud   in  ihis 

Ckperimenl,  it  ni;ilber  live  nor  ihcee  puundsi   ihe  fivr  (xruiid 

velgbl  would  have  fallen  16   feel,  bull)    fall*  only  four.      A 

broe  has  Iherelbrc  sAi-d  on  M  fuflidrni  lo  maiiL-  it  defcTibe  18 

feelioa   fecnnri,  wilii  a  uniformly  aaclpraleci   ntolram,  tor  it 

hat  enumerated   fu  much  of  iu  meiglil.     The  itirewd  w«< 

fiiained  with  a  force  equal  to  Hi  pounds,  or  {   of  $  ptwnria. 

In   like  manner)  Ihe  three   pound  weight  ituuld  have  fallen 

16  feel;    but  il  wii<i  raifed  four  feel.     Here  wax  K  rtwn^ 

ptecilely  equal  to  fun  wher.      A  force  of  3{  poandx  a&'ing  on 

a  mar>  whofc  mailer  itonlj  ihrre,  will  in  a  fecund,  <:uufe  it 

1«  defctibe  20  leei  with  »  uiiiturmly  accelpfaied  nioiion.    Now  ummm 

S  Xi'i  ami  3  X  20,  give  the  tame  prddufl  60.     Aim)  lliu"  vne 

fee,  that  (he  tfvttntity  <f  motioit  trtin^ijkrd  orprotlucrd.  «nd 

not  lilt  prailiifl  qf  tlicsxigkt  and  hdgkt,  it  ikc  tmr  mtrtptlvtitll 

avajhrt  Ii}  mechanical  power  really  rxpauUil,  or  tite  tifrkunieoi 

■*f<Ct  rtally  proda<.edi   und  lluit  tlnjt  tun  are  aiwoyj  rfunl  wfA 

ofipqfile.     At  the  lame  time,  Mr.  Srneatnn'.^  iheufeni  merill 

lbs  attention  uf  engineerti ;  becsufo  it  geneiBlly  tHsalurve  lb* 

opporiuniliei  that  we    Iwve  fur   procutii^   the  exertion  of 

pOMcr.     h\ /bme  (ea(^,  Mr,  SmeaLonmay  fay,  that  the<|gKntity 

of  water  muliipiied  by  the  liei^t  fi^ni  which  it  dekcndi  in 

working  our  msdiineF,  is  the  meafare  <>t  the  power  cxpcndcdi 

becaufe  wsmufl  raifcthi;  quantity  (n  I  lie  dam  again,  in  orrfet 

le  have  the  lame  ufe  ol  il.     It  it  expended,  but  not  employ 

ed,  (or  the  wat«(  M  leaving  th*  wheel  ti  Ajll  able  t*  do  biDC* 

Ibing," 

Jn  oppnfilion  to  all  this,  Mr.  H.  I  fuppofe.  tvcwH  fay  that  ^J^^;,!^''"* 

■Ot  a  tiait  in  pvial,  beSKiic,  ■'  if  liie  weigbt  defoead*  smcat^n  b«rli 

quickly  """^''^t 
^  '  Doint  la  debite. 
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qoicllj  it  ii  fenfibly  -compounded  with  uioUier  ]aw,  tic  !&# 
occderalioo  tff  gravity."  Or»  »do|Mng  other  language  of 
Mr.  Smeaton,  be  might  reftrift  hin  meaforet  to  '^  the  height 
tlirouglY  which  a  body/0v/jr  and  equaify  defcended,  w  to 
which  it  was  raifad."  But  if,  inftead  of  the  body'f  afcend* 
ing  or  defoending  flowly  and  equally,  it  moved  rapidly  and 
irregularly ;  or,  if  the  motioii  was  redprocaiing^  the  velorityr 
increaftng  from  c|uiefoence  to  a  certain  nagnitudey  and 
diminiihing  lo  quiescence  again ;  or,  if  we  refer  to  the  fe» 
larded  rife  and  accelerated  &II  of  heavy  dampers ;  in  fuch 
cafes  if  SnieafonV  meafure  be  applicable,  I  wi(h  to  lee  its 
manner  uf  a  pplic-ai  ion  explained ;  and  if  it  be  not  nniverblly  ap» 
plicabie*  a  point  which  1%  in  reality  conceded  both  by  Mr.  H» 
and  Mr.  Smeaton,  there  is  then  as  to  this  head  no  ground  of 
difference  between  u<,  and  Mr.  H's  laft  lelier  becomes  in  a 
great  meafure  a  fuperffuuns  labour ;  foTy  admitting  the  want 
of  untverfality  in  the  rule,  U  admittirg  all  that  I  affirmed* 
Had  not  the  meafure  been  often  very  injudicioufly  exhibited 
as  wiiverfal,  a  thing  vihicb  Mr.  Smeaton  himfelf  certainly 
never  intended,  I  (hould  not  have  at  all  referred  to  it  in  mj 
former  paper. 
**  <nn>*a  i»a-  ii  fQi^y  be  deemed  a  flisht  deviation  firom  the  immediate 
mtihmma^  objed  of  this  letter,  but  I  truft  a  juflifiable  one,  if  I  briefly 
yi^^y*f  ^^  notice  thefurprize  exprefled  by  Mr.  H.  on  account  of  Profeflbr 
KobifonN  diftingui(hing  between  weight  and  heavinefs. 
That  the  three  terms  graviiy,  tcfight,  and  heavinefit  admit  of 
a  palpable  and  obvious  diflindion,  is,  in  my  opinion,  in« 
dubitable :  and  till  this  time,  I  imagined  it  w:is  univerfally 
reakoned  one  great  excellence  of  an  accurate  philofophical 
difquifitioo.  that  it  comprifed  a  careful  difcriroination  of  the 
various  acceptations  o^  thefe  and  other  terms,  which  were 
commonly  reputed  f^nonimous.  There  may,  undoubtedly, 
be  iKTafion^  in  which  a  cautious  feledion  from  word  9  of  nearly 
iimilar  import  may  he  difpenfed  with  :  but  there  are  many 
more,  particularly  when  handling  philofophical  topics,  where 
thi«  careful  choice  c*annot  be  fafely  ncf^leded.  And  an  a(* 
lention  to  thi^  point  appears  the  more  neceHary,  when  it  is 
recoileded,  that  greater  part  of  the  controverfies  which 
have  been  agitated  by  men  of  fcience,  ha%'e  been  rather 
,  verbal,  than  relative  to  thin^<  in  themfelves.  To  contend  for 
:  the  Hie  of  many  terms  to  ejipreb  one  idea,  infteadof  leeklng 

for 


Mt.  csicoar  ow  michakic  fowkk.  15 

Sot  adequate  (epsrale  exprcDitm)  lo  denote  ever;  idea  ibe 
niai  ran  formi  i)  lo  facritice  prccifiun  and  accuracy  ai  llie 
■brine  uf  an  ill-Judged  lupeiSuily.  Tlic  common  relcnibUnce 
between  words  elk-emed  rjiionlmoiK,  due»  nu  €t>in)>r«iiend 
Ibe  aggiegale  fignifitalion,  but  fonie  ifulated  parliiular  ■[• 
Uodaiil  upon  b1I(  in  fume  (ucli  manner  at  may  be  Iiaced  in 
iodiriduaU  of  (he  faniefpeciei:  tbete  is  generally  une,  if  not 
mcse  qua  lilies,  on  wKicli  a  manireftdlftindion  depend)  ■,  and 
the  delermi nation  of  fuch  qualilie*  ii  highly  deferving  Ihe 
notice,  not  only  of  the  linguill,  but  of  alt  Mho  aim  at  pliilo- 
fopbitv)  preci&on.  I  have  not  leifure  to  loulc  alteniivelv 
over  twenty-five  tlofely  printed  quarto  pages,  in  order  lo  find 
how  Crofeiror  Robifon  dtliingui  flies  heavinef*  from  weight. 
But  (he  labour  is  unneceliary ;  for  the  didinflion  hoi  often 
been  made;  and  I  will  lake  ihe  liberty  of  delineating  it  in  the 
words  of  an  author  who  ii  in  no  danger  of  having  hii  fenti- 
nient)  warped  to  (quare  with  the  tenets  of  any  Ipcculative 
mechanical  fyHem  :  J  now  advert  lo  Dr.  Tiuller,  who  in  hii  TruQer'i  re- 
work on  fynonimous  word*  fpeak,  thus:-  "^^t^'^ 

"  Hfavituji,  axtglil.—l(i  the  Bguiatiye  fenfe  the  dlflerence 
of  lliefc  words  it  fu  exlreniely  great,  at  needs  no  pointing 
oul  i  in  the  literal  indeed,  they  ate  often  confounded :  con- 
fidered  then  in  lhii>  lall  fenfe,  /icariiuji  It  that  quality  in  a 
body  which  we  feel,  and  diflinguifli  by  ilfelf;  aciglil  is  the 
meafure  and  degree  of  that  (juahty,  which  we  cannot  afcerrain 
bot  by  comparifor). — Wi;  fay  ablblulely,  and  in  an  undeter- 
mined fenfe,  that  a  tiling  Is  hrtiTy ;  but  reialivdy,  and  in  K 
banner  determined,  t1)at  it  i^i  of  fuch  a  viriqbl,  fur  example, 
ef  IWD)  three,  or  four  pouncU. — A  thoufand  circumdance^ 
prove  the  litnvinejt  of  the  air ;  and  the  mercury  deierniinet 
ft»  exafl  wfig/./."  Vul,  1.  p.  13S. 

''  My  leliirr  has  aliaiued  a  much  greater  magnitude  than  tot 
ftl  fiift  intended,  and  I  will  now  conclude  it.  The  reoiaikt 
I  bave  been  tempted  lo  uficr,  ate  fuundud  upnn  the  moA 
tont&  inlerpretalion  1  could  put  upon  Mr.  Homblowcr't 
language  i  end  it  1  have  any  whetc  mlfunderrtood  hl<  mean- 
ing, 1  Ihall  be  pleafed  lo  fe.i  that  mifumlei.landing  cuntliitly 
removed.  I  cnteriuin  gieai  refprfi  for  itiat  gentleman'* 
talents  a<  a  practical  engineer  ;  though  1  rannol  but  think  him 
ttompleiely  wr'>ng  in  mofl  of  thcfe  remarks  which  hare  oc 
(■Tioned  ibis  contnuniuilion.  I  have  (epUed  lo  Xach  of  liii 
flii£tiitet 
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Uriamvi  «B  bore  wiy  rtdaijfoii  to  «i>M^  I.MiMi,  wMiM 
Mtimony :  but  f  have  a  deeply  moled  vferfion  loieverjr  Mag 
that  wean  ihe  garb  ^if  controverfy.  ami  ardently  kope  Hit 
4ifMlfio»«Mi  lay  part  wiii  be  pemitted  to  leriniMUe  het«» 

I  am»  Sir, 

Tour^l,  with  mu^b  retpefl, 

OLINTHUS  GKEGOkV. 

l?f^A?  Mil.  Jcaiemy, 
Woolwich^  Aug,  9,  IS05. 

IV. 

DefiriptiaH  and  FfeAt  qf  an  Jlpparutus  for  mifiif  Waier  fy 
Meoni  Vf  Ah  condenfid  in  iis  DeJtM  through  an  imaied 
Sj^phon.    By  Mr.  William  Clos^.    firom  the  InvemtoTm 

To  Mr.  NICHOLSON. 

Reference  to  the  IN  one  of  my  letters,  fbnie  tiaoe  ago,  I  briefly  notkodao 
c^ine.*  °  experiment  I  had  made,  to  delenDine  the  pradicai  valim  of 
the  h)clraulic  machine,  pt  inverted  i^pbon,  reprefeoted  and 
defcribcd  in  the  firft  volume  of  the  prefent  iertes  of  your  Jour- 
nal *,  obrervinjr,  ihat«  at  feme  future  period,  I  might  pr» 
bably  tranfmit  to  )ou  a  more  particular  account.  Havii^ 
fince  repeated  the  experiment,  I  now  fend  you  a  letter  opoo 
the  (bhjed,  for  I  am  of  opini*  n  that  a  machine  operating  upon 
the  principle,  when  conliiiided  in  the  manner  herein  de* 
fcribed,  nil]  anfwer  very  well,  in  certain  fituationsp  torai^ 
.water  for  domeHic  purpofes  ;  and  although  it  may  not  be  com- 
petent to  perlorm  half  as  much  work  as  a  bucket  engine  by  a 
forcing  pump,  yet  it  may  be  kept  continually  employed,  and 
be  fubjecl  to  very  little  wear,  as  its  operation  will  almofi  be 
performed  v^'ithout  fridlon, 
Dr(ci:iptkNi of  'fhe  inverted  f)phon  when  applied  to  raife  water  in  the 
anot  r  ppara-  jjjgjjj^^f  defcrihed  in  this  letter,  has  its  higher  orifice  placed  in 
a  fituation  to  receive  both  air  and  water  at  the  fame  time* 
The  air  being  conveyed  by  the  velocity  of  the  aqueous  ooluma 

•  Sec  Philof.  Journal,  Vol.  I.  p.  50,  PI.  IV. 
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,^  the  Id(««(1  pvl  of  Ihe  Tf  phon,  and  coUeAed  in  a  vejiel,  ii 
.^ployed  39  tlie  mcdiuQi  loi  conveying  ptelTuce  lo  raife  waui 
It)  aiiQtbcr  part  of  the  apparalui. 

Id  May  1 803,  I  deleniiined  to  find  by  cxperimcRt,  under  Unt  'n  iimit- 
*hat  degree  of  prelTureil  would  bemofladvanlageouiloc^leA  ^^j^|[  canis 
ihe  oondenfcd  air,  and  likewife  the  proportion  then  exifling  down  lir  m4 
between  the  two  fluids  moving  in  llie  fyphoii.     The  app,.  "oikafti  U| 
Mui  ctMiOriiSed  for  lhi«  purpofe,  i*  leprelented  in  Plait  I. 
fig.  1.     It  required  only  a  rmall  fupply  of  water,  but  coti* 
deofed  the  air  fufficiently  lo  be  employed  in  llie  aftual  con- 
Aiu£Uoii  of  a  mwchine  upon  the  principle. 

A  rouad  vertical  pipe  A  B,  l^alf  an  incli  in  diameter,  and 
12  ieet  5  inches  in  length,  had  id  higher  end  pbccd  in  the 
Gtllern  A.  and   ill  lower  conneSed  lo  a  fmall  oblong  veffel  — • 

C,  which  had  an  inverted  glafs  bottle  cemented  upon  a  pro- 
jeding  cylinder  on  ils  upper  Gde.  From  Ihe  other  end  of  the 
velli:!  afcended  another  vertical  pipe  D  £,  halF  an  inch  in 
diaiaeler,  and  13  feel  3  inches  in  length,  and  lermiDated  in  a 
crook,  4  feet  2  inchei  bebw  the  highefl  part  of  the  pipe 
A  B. 

.  The  whole  apparatus  being  filled  with  water,  the  cillem  t^i  thii  ^r  b 
having  a  conflani  fupply  fafficieni  to  keep  the  furfacc  of  lb*  j2'tiifiot 
fluid  jull  above  the  oritice  of  llie  pipe  A  B,  when  the  orifice  wiia. 
of  emilHon  at  E  was  opened,  Ihe  water  flowing  through  A  B, 
carried  bubbles  of  air  into  the  veflel  C,  which  afcending,  dif- 
placed  Ihe  water  in  the  bottle,  and  aflerwardi  that  contained 
in  ihe  velTel  C,  above  the  lower  endt  of  the  pipei  A  B  and 
D  E.  At  the  firft  efflux,  and  after  the  defcent  of  every  ma- 
lerial  potlion  of  air,  the  jet  at  E  was  projofted  fevcrat  incbet 
from  the  adjutage,  but  its  curve  decreafed  during  the  defcent 
of  moreiirj  for  the  bubbles  did  not  rife  InceFantly  into  the 
bottle,  but  after  Ihort  intervals  of  letl.  dillod^ing  two  or  three 
ounces  of  water  each  time,  with  a  guggling  nolfe,  which  was 
very  audible  to  Uie  peribn  regulating  the  fupply  of  Ihe  ciflem, 
Afiet  the  water  in  the  vefTel  C  was  deprelTcd  to  a  level  wilb 
■he  enri<  of  the  pipes,  the  denfe  air  carried  down  A  B,arcended 
llirougb  D  E.  and  caufed  frequent  interruptions  in  the  jet  j 
for,  expanding  under  a  light  preflure,  it  expelled  the  water 
in  the  higheA  part  of  the  pipe  with  violence,  and  then  ibc 
efflux  ceafed  for  fame  lime  after. 
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'  Thii  •candciiM  air/ however,  covld  atry-tinio^be  tet  oat, 

bf  a-  ftniaH  pipe  which  wtas  placed  wilhin  the  bottle,  and 

opened  on  the  out  fide  of  the  vefftA  C«  ( 

v>'7?lie.^ifpe  A  9 -had  a  joint  above  the  bottom' of  ibe  eiACTn« 

fo  faetliiate  th^  trial  of  mouth-pieco  of  varioiu  forte^  IoIiikI 

L.  liy'wJui'h- the  apparatus  would  ftp  the  inoft  air:  and  it  a|9lpeaved 

i.  .1    . ;     ^t;aQnr6lin».or  po.itton,  clpoduced  iiiore<t#  thid  eflfoQ,  ihail 

i%iiea\thef pipe  was' crooked  at  top  toreoei^eibew^aterM'^ 

hofiKdnlal.-cufrenfy  %n4  the-  higher  fide  of  iti  orlfibk  wds  atol 

nionelthMaai^  lines  below  the TurfiaKjeof  thelvMftriii  fbeeif* 

tern.     It  alfo  appearec^  tHat;  no  lefs.qaaiHitJr^Fair  #ai  e(rf« 

bftedy  When  the  diametef  of  theopiticp  .of  enilffloii  wa»  f  e« 

datdd  to  lour  lines^  thori-wheil  il-was  halfati  mch. 

Zxperiroents  to-  !    Afkp9(>  feveral  eKpeiVftiantt^  t(»' delenoinetlie  quanlHy  of 

^"^"bl  r,"!^  w^te^  r«^le  to  foppiy  the  isKpeadilat^  frb«»  the  ciftern,  and 

ried  down  with  kMk^»ih»  htkce  of  the  fiuid  accBcately  at  the  heigbt  beft 

kc  water.         adaipled  to  the  operation  pfuhe  apparatus ;  fevemi  trials  welt 

mad^  to  afocrlain  4he<)uan4pil>y  of  air  a  given  qiianlity  ofipMef 

afijoyld  bonvey  iqto  thq.botUe-iiva  given  tifii^.  -  The  refdts  of 

feveral  trials  on  the  21(1  of  May  ld03|  were  as  follow  :  -*'  '  - 

\  -^  :  :.  I /The  fall  beings  SOai»dM^,  ind  the  bh*fi€i6  of  emilB^ 

*  '      '        .  Kites  in  diameter,  the  invented'  bottle  above  C,  hoMiki|^  ten 

onnce  meafores  of  kvater^  :was  fiHed  with  air,  under  the  preH. 

fbre  of  a  colunM  18-ftet  high/  by  f  l-  phits  of  water  iftowing 

out  at  the  orifice  of  emiffion  at  E,  in  l^S  feconds.     S.  By  ^5 

pints,  in   133  fecorrd^.-    5.  By  12f  pints,  in   125  feconds^ 

By  >2  pints,     5.  By  li  pits,  in  95  feconds.    &.  By  li  pints, 

in   1 14  feconds.    7.  By  1-2  pints.  In  102^  feconds,    8.  By  11^ 

pints,  in  108  feconds. 

9.  The  orifice  of  emifBon  being  half  an  inch  in  diameteri 
the  bottle  was  6lled'by  12  pints.  ]0.  By  13  pints,  in  153 
focondf .    '  1  K  By  12^  pints. 

*t2,  1 3»  The  fall  being  ^i  inches,  the  orifice  of  croifTion  four 
Jines  in  dianseteri  i  1  pints  filled  the  bottle  in  95  feconds ;  and 
14  pints,'  in  120  feconds. 
With  an  height  The  difference  in  the  time,  and  the  quantity  of  Muent 
fall  ?o  inches  '*^^e''  f^quired  to  fill  the  bottle  with  air,  in  thefe  trials,  wa« 
aoparfior^  ter  probably  occafioncd  by  a  portion  of  the  air  being  fomctiincs 
carried  do^n      -^,,jai„Qj  j„  j|jg  higj^,    gnd  at  Other  limes  ia  the  lower  part 

One  of  condeAleo  ' 

air.  of  the  pipe  A  B,  at  the  commencemenl  of  the  e/Tufion :  or, 

pcrhapii. 


perfia|n,'  )ri  fiti;  b/fte«iicHi»Nfifc'f?(fcffl'h«'OSogIW^tr 

of  tltB  fatne  heJElit  t  for  tft«  ci(T*rrt  ditf  hof  tWt+tliht'.'fW^^iS 

iapfVmd  wilh  great  care,  fortierimM '  by  a'  |iuttrp."ahd  'Ritti*' 

times  by  tdtitijf  water  out  of  a  vtiM;'a1W4y^  kor^iV^  lEid 

r«pfily  itom  agitaimg  ihv  cutitonls  t>f^  iJi«  ci(?«fm  rrt  tttMf  iV 

pdGble.     EJad  (he  bMtlebL'nn  htgiti-ititr^  htH  \<^-jimWfbttHr 

ibare  irii&nnr(ym  the  tafulu  of  lAc  iriat*.     lo  ^ntrnflfidlty 

Ilhink,  however,  we  Ihall  nut  uveftAM  the-nperatibh  trf-Aiif 

MdAae,  by  taking  13  pints  in  (tlB  metfi  quahWry  df  d#flint        >uti»a 

M'Wr  anMltcd  wjhite  (he  bcfflle^v^linfiiff'wtfff  aih;  itrxl  ffi«iV 

deilnflipg'  ihb  qtlantky  expelled  Ooffl  iftcboltle,  )1'  vJin  aTiffHiI 

diAl  20  p«[»ot'  water  catfiAl  oik^  of  alriloi*ihl(iopipa'k'B^ 

and  »  one  ounce  mcefufe  of'  o«ndcnrcHt  aif  al-  Ita^' A'j<  coTi 

feaed  in  1 4  fecondq,  fn  16  pinii  would  outluin-'^vt-ry  hoat. 

-  Some  few  days  iFier  Ihefe  eypppiitii)m*>  Hie  jjijie  A  B  vra*  xriil  wirh  m 

kHgthened  lo  E  t  fe«t  7  inchO",  and  D  Em  -20  feet ;  ba(  uliciW  «'"'"'  '"'S''' 

»iaS  lli>«  •JrwitmrrieditiloihebttHle.'IH  much  (lb w«  ihtff*  ""''""''• 

befotn,  ihfti  a^fufpicion  arofe  iliat  fuma  |tairi  of  iKli^^pJianiM 

Wat  not  air-li{;lii;   and  on  iIiIe  hppoihoh  th«'pypt%  WAi! 

lakn  dovH.  > 

In  Febniorj'  180  V,  llio  pipw,  8rci  ■♦Kdre  examined,  add  r«  L'fi  'ir-iit 
ip  again  uiiih  ctnifiiteratile  care.  A  1>  e*»  ■l^'!'a6li  iwcltei '"'"'""'• 
loog  !  D  K,  31  h«l  une  inch ;  C(tnfdqueml5  tlm  dilKirent?6  f  i> 
the&H  uracS-feet'GincbCi.  WiiU/Hiis  ftppara<e<,  «li^n  l(i4 
diatneier  t>(  the  higher  orifice  of  the  pipe  D  C  viu  ^at  V>a&*, 
it  appeared  tiy  ibur  (mis  (Fab.  (M,  Ib'Ol],  that  thwlwOte lull 
only  untr  Mince  of  i«*Nr  per  Mimilt. ' 

When  the  pipe  DE  was  ftiofletwd  fo  ISft*!,?  in<He»j  mM 
hftd  ill  Irighef  «ti&<  Rfe  feel  below  Ihe  furfdce  ef '  itie  Wafer 
!n  the  clllern,  four  onnce  meBfiifon  of  condcnTcd  *it  d^fccuiled 
mio  Ihe  bonlei  duHng  ilie  imiflion  of  li;  pinn  of  watW, 
Diroii^  Ihe  <»>lic*al  E,  when  half  an  inch  iiv  iHHKMer: 

The  dirainiiiion  hi  liic  colteAfon  of  ttir,  in  tia;(^  lai(t  ex^perM 
aicato,  wa*  much  more  coniidttabie  ihan  wm  expeflt-d-  lo 
happen,  either  from  the  Bbfbfption  of  ttK  vvaier,  or  the  in- 
creafed  condeiifaiJon  ot  the  air,  which  m^ht  beaccafioned  by 
fo  fmall  an  addiiWbeing  made  to  ihe  af>|niaiii9,  'The  jel  at 
F  was  projefied  inofL-  Htadili  m  li)cfe  laf),  than  in  (he  pre- 
ceding trid« ;  and  the  cundenfed  air,  indead  of  fiGn^  into  (he 
bottle  rnlarKedeiached  bubbles,  afitcnded  in  ft  CM(inual  ftfsom>  k  « 

niielbe  evolution  of  gai  ftom  the  bottom  uf  an  tffetvcie'tng  .mui^ 
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mislura.  From  lh«  rolnale  dividon  of  Itie  air,  it  ii  not  loMi 
probable,  thil  a  fmall  portion  might  be  carried  along  wtlh  tho 
Ciuretit  of  water  under  (he  bollle,  and  afcend  ibrough  lb«i 
pipe  DEi  but  Ihii  wai  not  determined.  If  (here  wai  do 
derefl  in  the  apparatut,  il  appears,  that  it  will  not  be  fo  ad. 
vanlageout,  in  the  confiruAion  of  a  worLing  machiae  upoa 
this  principle,  to  employ  a  condcnliDg  column  fo  heavy  at  2if 
feel,  aj  one  that  i»  lighter.  ' 

Other  icUii.  Feb.  28,  1801.     The  pipe  A  B  being  (horlened  to  22  feet,' 

5  incbei,  and  D  E  to  IS  feet  3  inches,  the  orifice  of  the  ad-' 
julage  at  C  being  four  lines  in  diameter,  the  bottle  was  em[V' 
tied  by  13,  12{i  U,  13,  13,  12,  and  M  pinit  of  effluent 
walefi  in  fevenfucceflive  trials,  at  In  thofe  of  May,  1803. 

March  d.     With  a  fall  3  feet  'J  inches,  A  B  being  15  feet 

«iie  iitch,  half  a  pint  of  air  was  collefled  during  Il>e  dlfcharge 

of  \7\  pinit  of  water.     Again,  tiie  orifice  of  emillion  beinf 

(bnr  linei  in  diameter  ;  the  fall  4  feet  2  incbet ;  A  B  15  feel  S 

inches ;  D  E  M   feet  6  inch^ ;  nine  ounce  meafurei  of  air 

were  conveyed  into  (be  bottle,  in  one  minulet  during  the  difl 

cha-ge  of  iO  pint;  of  water,  in  five  fuccellive  trials:  and 

914^  when  the  diameter  of  (he  higher  orifice  of  the  pipe  D  F  wai 

'    •     ■■■■  half  an  inch,  the  fame  quanliiy  of  air  wai  carried  down  In  J* 

fecondi,  by  nine  pintt  of  effluent  water,  including  that  dit' 

placed  from  the  bottle.     When  AB  was  15  feel  S  incfaei; 

DE  13  feet  Sinchei;  the  fall  2  feel  6  inchesj  nine  ouncS 

••  fneafurei  of  air  were  collefled  in  the  bottle,  by  the  dlfcharg* 

of  16  pints,  in  90  fecondsj  in  (05  feconds,  by  ISpinti;  ani- 

■gain,  by  IS  pints,  in  90  feconds.  ' 

March  16.  The  fall  being  2festj  A  B  8  feel  5  Inchei^ 
D  E  6  feet  S  inches;  and  the  diameter  of  it*  higher  orifiott 
half  an  inch;  ten  ounce  raeafures  of  air  were  col  le^ed  in  ond 
minute;  again  in  64'  leconds,  when  the  effluent  water  me^ 
fured  10  pints;  and  again  in  one  minute,  when  lOpiiils. 

Having  now  Ihewn  what  power  a  machine  operating  upo^ 

this  principle  may  be  expefled  lo  poflefs,  I  proceed  to  fteW? 

bow  ile  principle  may  be  applied  to  prafiice.  ' 

IMtnpibtFi  ot        Fig,  2,  Plate  I.  exhibits  a  machine  for  raVling  water  abovi 

fiirmg  mt.^.         R  reprefents  a  cillern  fupplied  by  a  fpring,  where  there  Utfi 

if  tir  toaOtBlti  f^^^  ^j^  |-,^g  ig^[  (^I|  [^^  [[,,.  water,  ^ 
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W  W,  •  well  or  pil  lilualeJ  below  the  bed  or  tower  level Defenption  of  1 
Bf  the  Dreamlel ;  its  depth  varying  from  6  lo  20  Teel,  «cord- ^'^^^^j.^  [ 
tng  <o  the  elevation  lo  which  water  is  lo  be  raifed  above  themfing  •.!«,  > 
ciftern,  and  ihe  number  of  progredive  columns  by  which  '»^^'-^^^!. 
bloafcend.  fjpbon.     -    .J: 

AA,  a  pipe  leading  froro  Ihe'eiflera  R,  to  ■  beiUfbaped 
*eBe\  B,  Itnc<I  a  little  bIxivu  the  bottom  of  tite  orell,  with  itt 
mouth  doivTiwards.  The  top  of  (he  pipe  i*  crooked,  as  re- 
prefented  at  A,  /Vg.  5,  and  there  i«  a  joint  below,  which 
ftllow*  Ihe  crooked  part  lobe  detached  from  the  reft.  The 
lower  end  of  this  pipe  is  alfo  crooked,  and  turns  under  the  fide 
of  Ihe  venel  B. 

C  Ci  ft  pipe  fixed  into  Ihe  lop  of  tlie  velTcl  B,  and  carried 
s  little  above  Ihe  ciriem,  where  two  fmallei  pipct,  E  sod  G,  j 

•le  connefled  with  it  by  a  (lop-cock.  ' 

£,  a  fmall  pipe  leading  to  F,  a  refTel  or  chamber,  place4 
in  the  ciftern  R. 

G,  another  fmall  pipe  leading  to  H,  a  velTel  or  cltamber, 
fomewhat  lefi  than  F,  placed  in  a  higher  filualion.  This  pip« 
tias  a  turn,  a  fool  above  the  lop  of  the  vefTel  H. 

1,  a  pipe  leading  from  the  ciflern  R  to  the  vcflcl  F. 

K  K,  a  pipe  defcending  a  fool  or  more  below  the  veflel  F, 
and  then  Brcet:ding  lo  the  velfel  H. 

L.  a  pipe  connefied  lo  K,  a  foot  below  H,  and  Iheo  car- 
ried lo  the  conduit  or  ciftern  which  receives  the  raifed  Water. 

The  pipes  I,  K,  L,  have  each  a  valve  opening  upwards. 

The  coitftruflion  of  the  cock  is  reptefenled  in  f'g-  3.  Th« 
eonical  barrel  has  four  holes,  C,  £,  G,  O,  and  Ihe  lurniug 
part  or  bey,  has  a  nulch,  or  hollow,  on  each  fide  in  that  part 
which  movei  oppofile  ihofe  holes,  lo  thai  the  pipct  C  and  E, 
or  C  and  G,  may  be  connefled  by  a  ((uaiier  ofa  turn.  When 
the  communication  opens  between  C  and  K,  the  CKiernal  air 
has  accefs  lu  the  inlide  of  Ihe  pipe  G,  and  to  the  chamber  H 
above,  through  the  opening  O ;  and  when  C  is  Joined  lo  G, 
the  tit  h  admitted  into  the  chamber  F,  through  the  opening 
O,  and  the  pipe  E, 

In  the  narrowefl  part  of  ihe  velTcl  B,  a  buoy  or  float  Is  (iited 
■pon  Ihe  elevated  end  of  a  crooked  lever,  moving  upon  a  ho: 
risonlal  axin)  fupported  by  piecen  attached  to  the  fiile  nl  the 
vefTel.  Inftead,  however,  of  a  common  hollow  buoy,  it  will 
b«  preferable  to  ufe  a  body  Ifccifically  hcaTier  than  waier,  and 


m  4f rA;^4TVf  roji  raising  yfMt^ 

Deftriptionef    ij  9ui^x^g.yfeighi  toihe  pUier  end  of  the  kvjer,  tpmal^iqc-h 

*"r*aii*fel  acljtt(l/]jl/enl„,  ih^l.  while  bplh  are  imroeried  ifl  waler^  iJk  body 

raififif  ivttery     wtt|iin, jlii^  yeiliel.  B.  (hall, be  a  feiv  ounce*  lighttfr;  ap4j  on- 

btr  air  condenfei  tbe  ccu^|/^ry^  >v,^cn  U  alppie  is  aboye  ihe  water«  il  (hall  be  fo 

ivpfaon!  much  heavier  than  its  counterpoife,  which  is  covered*     A  fnall 

q)-lia4rical  y^^h^^inKh^/m  4iameter,  and  ibe  iaii^e  in  dcplh* 

ftllecl  wi^h  YffJj&T  .and  clofedi  wiJI  probably  be  fize  fofiicient 

for  Aich  ^  float ;.  and  the  proper  counierpoife  may  be  vtfy  rea* 

4ily  f^id  /^^fily  ibund»  by  living  the  lever  fiKed  on  its  axis 

in  a  veflfel  of  water,  repeatedly  drawing  off  and  replacing  the 

fluid  in  that  part  of  the  veflel  which  contains  tbe  float ;  and 

increafing  or  diminifhing  the  weight,  until  the  proper  adjuA- 

nent  is  obi^inod,     BmI  to  proceed  with  our  defcription. 

$  reprciTeuU  a  ftnali  fyphoo  fufpeuded  by  a  lever«  with  one 
branch  in  tiie  infide,  and  (he  other  on  tiie  outiidc  of  the  ciflern 
&.  The  outfide  branch  being  re-curved  in  the  manner  repre- 
fented'in  Fig*  5^  it  is  evident,  that  when  the  iuflrument  is 
filled,  it  will  draw  water  out  uf  tiie  cifiern  whenever  tlie  ori- 
V  fice  of  the  re-curved  b;ranch  is  deprclTed  below  tlie  level  of 

the  water  in  the  ciAern ;  and  that  its  oper align  will  be  fuf- 
pended  by  railing  the  fame  a  very  little  above  that  level. 
From  the  contrary  end  of  the  lever,  a  chain  or  wire  defcends, 
and  is  connedled  to  the  lever  which  carries  the  float ;  and  by 
this  connexion,  the  fypbon  is  fufpended  with  the  orifice  of  its 
recurved  branch  above  the  fuifacc  of  the  water  in  the  cifiern, 
while  the  float  occupies  the  highefi  part  of  the  veflel  B ;  for 
t))e  weight  of  the  fyphnn  and  that  of  the  included  column  mud 
be  fo  nearly  counterpojfed  by  the  chain  and  an  additional 
weight,  that  it  cannot  deprefs  the  float,  though  it  mufl  poflfefs 
fuflicicnl  weight  to  defccud  when  allowed  by  the  defbent  of 
tjie  flqat. 

M  reprefents  two  cuneiform  buckets,  cunncded  at  their 
l^es  by  a  tranfverfe  partition,  and  fixed  upon  a  horizontal 
axis,  at  is  more  clearly  exhibited  by  the  feflion.  Fig.  4. 
When  the  bottoms  of  ihefc  are  placed  in  an  oblique  dirediion, 
making  an  angle  with  the  hurizun  of  25  or  30  degrees,  as  re* 
prefented  in  the  drawing,  (Fig.  2.)  and  a  fmall  fiream  of 
water  falls  irnm  the  fyphon,  the  higher  bucket  will  receive 
tjie  waler^  and  falling  in  confequence  of  its  load,  will  raife 
the  oilier  bucket,  which  will  now  receive  the  water,  and  by 
falling  will  raife  the  firfl,  whofe  contents  were  emptied  in  its 

defcent. 


dffcen*.  A  ffflaU  »in  n  lertr  tiftned  !»  thetw'Wf  i1m»  •f«.Drll'l|i(wn  r* 
i  {ivataii,  Biiii  cmimfhMl  by  a  pieo*  of  (honj;  wire  '" '•"<>'*•* ^"J^^^Ilefi7f«r 
Aoiter  lever  biccti  upAB  ihe  fmBller  rntl  lA  the  lixUihig  |>iut  ti^liiif  »)^«t' 
of  itM  cock  C,  and  b»  (hit  mf«n»  the  »^ck  tniwat  **''*' -'^!!^t;!tw>.V' 
oltvtnKlB  oKition  of  Ihc  buckrln  M,  wli«f>  lupp'ixl  widl  *«lcr.'ir,phan.   .es4,.i 

Wken  the  tfmce  ttam  the  tnp  o(  ihr  I'cfTel  B,  to  1h*  luHaro: 
<i(  ll.c  well  19  f(]iial  t(i  JS  fcul,  [bi:  Uip  of  ihe  chaRitm-  M,' 
abov*  lh«  bnttiiin  of  t,  and  llip  p*rpei>t!iruli»r  helj^il  fif  llie 
ptp«  L,  abovo  [be  bottom  ot  ihc  oliambor  K,  iituj  hu  each  lit 
leel. 

The  valvKand  every  oiher  part  of  the  tippiiralut  bein^  in 
pruptff  onitr  ior  work  ;  llie  Wc^ll  being  fillpit  with  water ;  iinif 
llj«  t«fcr»uif  R  conAdhO)  fupplied,  f«  as  to  »n-vrtl(*  ih  ohtf 
part  fomcwbat  Uiwtt  ih»n  Die  teii  of  the  ItriiD,  wlit)«  ilie 
biglier  or»fir«  of  tbe  pipe  A  A,  i*  about  Iwi>  linc<  betow  flifi 
Hiuiuaof  lire  wBter,  and  lakei  in  ilHinll  <ptaniity;  tl>e  mannef 
of  bringing  (hi»  machine  inio  a^iun,  ami  id  Ajwrbilnn  af(«r- 
wanh,  may  be  undelflood  by  atlriMtrng  to  tfie  following  (t!-* 
tcdioin,  and  Datemenl  ol'  parlicalen); 

Opan  ilie  pipo  IC  wbith  lead*  (o  Itie  thartber  F,  by  liirniBj»' 
ihcmck  C,  and  water  will  defcen*  inWF  from  lire  cifl*m 
it,  by  ilie  pipi;  I:  When  the  chamber  i«  Ml,  plal-e  i^  tvto 
conncQed  buckeii  M,  in  a  hori&jnul  pu-Ciion,  iivl  iTie  cock 
e,  if  property  cortftraaed  and  fottfliieed  wittt  1tn*fe  huckeis, 
will  cut  oT  all  communicaiion  between  ilie  pipe  C  C  and  ihe 
fipot  B»,  The  air  cafiied  down  ilie  pipe  A  A,  by  Ihe 
cotainn  of  waler  which  ddcend*  and  k^epn  the  well  ConllBnUy 
drttS«wmg,  will  afccnrf  ir(«,  and  ^tadually  expel  a  quaniicy 
df  waicr  from  the  pipe  CC.  ami  afiefwurdi  Ihai  fdntamed' 
in  lln  biglter  part  of  the  veffel  R  alfo.  lite  float  receiving 
SM  acctfflion  of  weight  by  being  ouf  <f  wsfer.  will  defcefltl' 
and  l*t  down  the  recurved  I'ypban  S,  which  will  poui-  wiaier 
■pon  the  bucket)  below.  A<  (hii  pL-riod  deprtrt  ttiat  bucket 
which  by  deft-ending  operji  a  eomnintiiiation  between  llift 
[)ip««  C  and  E,  and  no  larili^r  ailtmdance  will  be  rerjuifiie. 

The  pr«irur«nt  the  column  in  the  well,  abnie  13  feel  high, 
being  thrown  upon  the  waler  in  Ihe  chainbet  F,  by  the  inier- 
vcnliun  of  the  conJenfed  air  in  the  pipe  C.  (h>i  valve  in  ibff 
pipe  I  will  be  Qmti  and  water  will  nfcend  Tmni  the  rhslnber 
F  through  Ihe  pipe  K  K  inio  H  ;  the  f^j-hon  S  «ar  BtOy 
tteiad  inio  ilt  place,  and  ceal'e  to  draw  water  from  the 
cltern. 


DeMfdm  of  ciAeni.  An  cquilibtium  being  Toon  eflablilkeil  between  ibe 
wftivHeilV"  '^'"K  ct)\iitDn  in  ihe  well,  and  the  re-afting  one  incliided  in 
riifini  witcri  Ihe  pipe  K  R  aiii  the  chamber*  F,  H,  by  the  evpulHoa  of 
(y  lir  condcnfcd  ,(,^  ^j,  f,(,^  g_  ||,g  ^aler  will  afterwards  sfcend  much  flower 
(fpbiM.  into  H  than  al  £rfl,   an  equal  deprelCon  of  ihe  Huid  bein^- 

produced  in  the  pipe  C  and  [he  chamber  F,  bj^  Ihe  colleSing 
of  Ihe  condenfed  air. 

In  more  or  left  lime,  accordinf  (o  (lie  capacitiei  of  Ihe- 
chambet).  To  mucii  water  will  be  expelled  from  ihe  lower  b( 
will  fill  Ihe  higher,  the  air  having  been  expelled  from  this  UR, 
through  Ihe  pipe  G,  whofe  outlet  iiat  O  in  lbecoi'k.C£GO, 
Fig.  3.  Water  will  then  begin  lo  afcend  inlo  lliat  pari  of  lh« 
pipe  G  which  rifei  from  the  lop  of  the  veJel,  and  ihe  aEiin; - 
column  being  lengthened  in  proportion  lo  the  increafing  height 
of  that  which  it  counlerpoifet,  Ihe  condenfed  air  will  deprefi 
Ihe  water  in  Ihe  vcOel  B  below  ihe  float,  which  delcendiiigt 
will  lower  Ihe  re-curved  fyphon,  and  waUr  will  fall  into  the 
elevated  bucket  M,  which  foon  afterwards  in  confequcnce  of 
ils  load  will  defcendt  and  by  moving  Ihe  cock  above,  will. 
open  a  communication  between  lite  pipe*  C  and  G,  and  be> 
Iween  the  infide  of  the  chamber  F  and  lite  exlernal  air,  when 
the  condenfed  air  will  ruQi  out,  and  Ihi*  veflel  teiill  wilfa  water 
from  the  cillern. 

The  force  of  ihe  afling  column  being  now  Ibrowo  uport  iha 
conlenli  of  ihe  higher  chamber  U,  Ihe  valve  in  ihe  pipe  K 
wilt  clofe.  and  water  will  afcend  through  the  pipe  L,  int» 
the  ciAern  appropriated  for  its  receplion. 

At  ihe  hid  opening  o(  the  communication  between  B  and 
H,  the  re-curved  fjrphon  S  will  pour  water  inlo  the  bucket 
b(l  elevated  ;  but  before  the  load  u  fuE&cienl  to  move  ihe  Bp> 
paratui,  ihe  fypbon,  if  properly  adapted  to  its  purpcd'e,  will 
be  drawn  up  again,  in  confequence  of  tlie  condenfed  air  bein^ 
expelled  fafler  from  the  veffel  B,  ihan  il  defcends  by  the  pipe 
'  A  A  :  for  the  water  will  always  rife  with  ihe  grealefl  rapidiiy 

after  ibe  turning  of  the  cock,  becaufe  of  the  diflerence  fub< 
filling  between  the  a£ling  and  re-aSing  columns,  and  the  air 
pceviouHy  llored  up  in  the  vellel  B.    The  fupply  of  condi^fed 
air,  however,  bting  inadequate  lo  fupport  ihe  diHerence,  aa^ 
et|uilibrium  foon  lakes  placCi  by  the  water  alccnding  into  the  ' 
loweA  part  of  Ihe  pipe  C 

lbs. 
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The  fiipply  of  condenW  sir  will  now  contiime  l«  force  DEfciiptinn  of 
WBlcr  oai  of  the  chamber  H,  and  lo  cfeptpfs  ihe  fluid  in  ihe '*"  ™'''i«  " 

—     .  ,    ,  ..     ,.     .  .       .        ,  tonftruaed  for 

eC  in  an  equal  degree,  unlil  all  lb e  water  in  ihe  cham- ^jj^nt  wticr, 
i)  expelleJ,     The  waler  will  ihcn  fiiik  in  ihe  highefl  pari  I'!'  iSt  eonisnM 
Ihe  pipe  K,  and  ihe  afting  and  re-a£)Jng  column*  proper-  (-phon. 
.  Ilonalty  lengthening,  air  will  colkfl  in  the  velTi-l  B  ;  tlie  float 
and  re-curved  fyphon  will  dcfcend  ;  and  beroie  the  depiel^on 

'  •  of  water  in  the  pipe  K  reaches  the  lower  end  of  the  pipe  L ;  _ 
bofbre  Ihe  condenfed  air  can  efcape  hy  expelling  ilie  water 
«onlained  in  this  pipe,  the  elevated  bucket  M  will  fall  in  con- 
letjuence  of  waicr  poured  into  it  by  ihe  iyphon,  and  ihe  coin- 
munication  httween  C  and  E  being  opened,  ihe  condenfed 
air  will  ru(h  out  of  H,  through  the  open  pipe  G.  wliofe  out- 
let is  at  O  in  ihe  cock  C  E  G  O,  f,>.  3  ;  Ihe  valve  in  L  will 
fupport  thu  water  above  it.  and  the  force  of  Ihe  afling  column 
being  again  ihrown  upon  ihe  wiicr  in  llie  chamber  F,  Ihe 
fluid  will  begin  to  afcend  into  K ;  ihe  re-cuned  fjphon  will 
rife  and  continue  in  its  place-  ai  before,  until  the  water  begins 
lo  fill  Ihsl  part  of  the  pipe  G  ivhieh  rife*  from  the  top  of  the 
chamber  H,  or,  if  there  cannot  be  a  fulticient  qimntily  ralfed 
from  Ihe  lower  chamber  to  till  the  higher,  until  it  begins  to  be 
deprelTed  into  that  pafl  of  ihe  pipe  K,  connefled  wlih  the 

.  bottom  of  Ihe  chamber  F ;  ihc  fjphon  will  ifien  be  let  down 
by  the  float,  will  pour  water  into  the  bucket  laft  elevated,  md 
ihu*  again  open  the  commnniciilion  between  llie  air-boMec 
BC,  and  ihe  higher  chambiT,  from  which  the  wtler  will  be 
expelled;  and  in  ihis  manner  the  atlernainmt  will  procxed, 
the  machine  continually  railing  water  from  one  or  other  of  ill 
diamber<. 

By  additional  pipes  and  chambers,  fimilar  lo  G  H  L,  a 
fmalter  quantity  of  water  may  be  raifed  Rill  higher,  the  lowed 
additional  chamber  being  fixed  upon  ihe  top  ol  the  ptpe  L, 

,»  and  Ihe  pipe  fur  fupplying  it  with  condenled  ntr,  contirfled 
to  Ihe  pipe  E.  A  pipe  for  fnppljing  a  chamber  lliil  higher 
mufl  be  flitached  lo  Ihe  hi)^eft  pari  of  the  pipe  G;  and  it  i* 

h  evident,  that  if  E  leads  lu  two  chamber*  and  G  only  lo  one, 

^  l(i«  machine  will  regulate  its  operationi  fo  ■<  lo  lofc  no  lime. 

»  It  will  be  requilite.  however,  to  till  the  additional  chaubert 
iwilh  wBter  before  Ihe  miicbine  h  fcl  to  work. 

Where  ihe  fupply  of  water  ii  variable,  the  machine  may 

P  he  adapted  by  having  feveral  pipes  lunilar  lu  A  A,  bul  foma 
"  wider 


J 
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Defcriptioa  of  Wider  and  others  fmaileri  and  by  fettiDg  fucb  of  cbefe  to  work 
^^Sl^A^^  at  are  requifile,  for  whatever  may  be  the  increafii  or  dioinii* 
rtifiag  water,     tion  of  power,  ihe  turning  of  tbe  cock  will  be  duly  regukUftd 

by  air  condcnfed  ]yy  |l,t.  float. 

hS^  '^^'^  water  which  fbpplies  the  pipe  I,  mod  afeends  in  Am 

apparatus,  (bould  be  cleared,  by  filtration,  from  inpuritica 
and  fubllances  that  would  ob(hu£l  the  dofure  of  the  valvea. 
The  cidern  (liould  have  a  moveable  piece  at  the  place  wher« 
the  water  overflows,  to  accommodate  the  furface  of  the  fluid 
to  the  ends  of  the  pipes,  that  the  full  quantity  of  air  may  dor 
fcend  with  each  coiumnt  and  that  tiie  maximum  of  cfftd  nMjf 
be  obtained  from  the  fupply. 

To  determine  ho\«'  well  fucb  a  con)binalion  at  that  I  ha^ 
described  would  anfwcr  the  purpofci  I  had  a  model  con** 
ilru£ted  upon  the  plan  exhibited  in  Plate  /.  Pig.  2 ;  but 
having  no  cunvenieuce  for  an  overflowing  well  or  ciftem,  I 
was  obliged  to  modify  Ibme  parts,  in  a  manner  tending  tia 
diminifli  its  power. 

The  water  from  the  ciftern  R,  falls  into  a  capaciout  veflel^ 
from  whence,  when  the  macliine  is  at  work,  a  hand-pump 
continually  raifes  it  again  into  a  veflel  above,  which  foppliei 
the  ciflern  R  through  a  pipe  nearly  half  an  inch  in  diaraeteff 
under  a  conflant  prefliire  of  3{  inches  charge.  The  fupply 
keeps  the  ciflern  continoally  overflowing,  and  the  forface  of 
the  water  is  calm  and  always  at  the  fame  height. 

Tlie  pipe  >\  A  is  8  feet  3  inches  in  length,  and  half  an  inch 
in  diameter.  Its  lower  end  is  inferted  into  the  velfel  B,  which 
is  clofed  at  bottom,  and  conflruded  of  fuch  a  form  as  to  in^ 
elude  the  lever  which  carries  the  float.  Above  that  end  of 
the  lever  bearing  the  countcrpoiflng  weight,  a  vertical  pipe 
6  feet  3  inches,  is  conned^ed  to  the  top  of  the  veflel;  and 
through  this  pipe^  which  is  no  wider  than  A,  the  water  afcenda 
and  flows  to  the  pump:  A  chain,  conGfling  of  pieces  of 
wire  four  or  Ave  inches  in  length,  looped  together  by  the 
(mds,  alfo  paflTes  through  it,  and  conne(6it  the  float-lever  le 
that  which,  moves  the  re-curved  fyphon  S. 

The  bottoms  of  the  buckets  M  are  both  together  14  inches 
long  and  6  broad.  The  bale  partition  is  4  inches  high.  Each 
bucket  has  an  end  parallel  with  the  bafe,  one  inch  deep,  pro- 
vided with  a  hole  to  let  out  the  water  when  depreflfed.  The 
co(k  moves  with  le£i  than  a  pint  of  water  in  the  elevated 
bucket. 

The 
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.Tbe.Aw  in  Ihc  voITel  8,  ii  B  faiall  c^liadiiical  cgppei  [>'l'<t'pi'on  of 

•  tUkd  wnh  WBtar  «iul  clofeil  beii>f«  it  wu  lived  in  i(>  nibnf  «iui, 
'  pboc     Though  «qu»l  in  bulk  only  lo  one  oHi.cc  iwid  ihtee  ^^^ '^'j^^^''*- 
«yta(tefi  of  wBler.  jiel  jt  i»  qu'tju  TufficiuiL  tonove  Uie  (yp\um  (jfbua, 
wbicti  wouM  work  » l»[|;er  maclibc. 

The  pipe  C  ii  iiair  an  inch  in  diameter :  E,  K,  G,  L,  arc 
(nwllcr.  Tlic  valvc«  afc  lealber. 
I  Thi*  niachme,  when  in  good  order,  rajfus  water  nearly  12 
fc*t  above  ihe  ciflern,  at  llie  laie  o\  'JOl  pirns  per  hour,  &nd 
I^Hfciau  all  iu  uiuTMiioiu  M  well  u  caiv-be  dc0ied,  Wh«a 
fitft  fet  to  wufk,  the  coik.  ii  To  placed  ai  to  ctofe  the  top  of 
ibe  pipe  C,  unlil  the  condenGed  air  begins  lo  colled  in  (lie 
v«Sel  B,  and  then  the  communicaliun  i«  opened  to  the  chaah- 
fterF.  If  the  communicallon  was  open  at  firft,  ihc  water 
would  be  exptllod  from  F  into  the  cillt-rn,  while  the  prdTure 
was  infullicienl  (o  doft;  ihe  valve  in  llii.'  pipe  I. 

The  chambers  F  U  b«ing  lioall,  the  tvphon  moves  iVe- 
<)uenlly;  but  in  a  woiking  muihiiie  ihufe  vcireU  IhsuLd  not 
oalj  be  broad  and  lliallow,  but  capaciini*.  that  the  wear  oi 
nacbtnenr  may  be  reduced  to  ils  ulmoti  extent. 

To  dclermin*  tvhal  i|uantily  uf  water  flow*  through  Ihe 
spparalua,  I  lixed  a  fpout  up<Mi  the  top  of  the  alirefiJiiig  water 
pip«;  but  m  doing  (bin  1  enlanf^ed  ibe  Dnat  in  the  velTcl  S, 
Itwl  il  could  not  be  made  to  work  the  lyphon.  The  effluent 
water,  in  ihii  unempTiiyt^d  llaie  of  ilit  machine,  jr^cltiHing 
lialfB  |'#^'  dilphici'd  Irom  llie  velTel  R,  aniounlcd  la  S{  pint*. 
The  fuperfluoiii  water  from  (he  cilk-rn  K  rr)eBliiiHl  d{  pini* 
alfo.    Kliie  machine  had  bn-n  working  the  woDe  waiter  would  i 

have  been  IvU,  a)  part  wmild  have  been  drawn  off  b^  the 

flam  Jevefal  trial*,  Ihii  modtl  appears  lo  raife  water  above 
the  rate  that,  might  be  eAimaled  by  the  experiment  of  March  6, 
previnully  r«>ltilC(I. 

-  Id  actual  prsflice,  I  think  Ihe  sllawvnce  for  watte  and 
oerking  the  buiketji,  of  one  third  or  perhaps  wily  of  one 
tevrih  of  tlie  lufiply.  will  be  lulhcienl ;  then  fuppofing  the 
oppnratoi  h  ad-tpted  to  ilia  fnpply,  a<i  2S  nr  SO  gallons  from 
Iherillctowdl  n'iu  one  galhm  IS  leel,  To  S4' or  <10  gallont 
VI  ill  laik-  one  j^alltin  ii  I'ect,  by  thi'ee  alct;ii(iing  columni. 

The 


ON   THt   MAXIMUM    OIVtITY   OF    WATt>. 

The  bucket-engine  at  Irlon-HAll,  in  Cumberland  ', 
faid  [u  raife  one  gallon  of  wat<;r  (50  Ic-et  high  by  36  gall 
fuppl/i  henc«,  it'  ih«  waOe  wilec  be  included,  it  appears.^ 
that  our  machine  will  not  be  conipei«nt  to  peiform  half  aa 
mucli  work  by  the  Ume  Tapply,  and  lis  peculiar  advantage!, 
mgQ  depend  upon  iti  durability  w|i«n  confiantly  employed.     , 

Vou('»  rerpeafuTIy,  ' 

WJXjLIAM  CLOSE. 


Remarii  on  CofNr  RtiMFuao'i  Experiments  relating  to  lie 
Maiimum  Dayity  Iff  ffiWer.     In  a  Later /rom  Mr.ioHt^ 

DlLTON. 

To  Mt.  NICHOLSON;  , 

SIR.  Ji 

Cwtnt  Ruim-      IN  yoni  laf!  Number,  page  223,  is  an  inlerefling  arlide  m^ 

!^aL"^h,i     llie  queflion,  At  what  point  of  lemperature  water  U  of  greatell 

aiM.  denfiij  gf  denlily  ?   From  the  introduftury  paragraph  I  was  led  lo  espefi* 

"™"'*"         (hat  all  the  material  obje^ion*  lo  the  currcol  dodrme  wera^ 

conliJered  and  (dialed,  and  that  new  and  convincing  argiti^ 

mt^nls  in  id  fupport  would  be  addut«d.     In  the  fomcr  of. 

ihde  cxpeAalioMi  I  was  allogelher  difappoinled  ;  ar^  ihougbt 

the  new  CKperimenla  are  ingenious  and  well  worth  aitenlioa^ 

they  are  not  quite  (o  dcTnonriiative  to  me  as  ibey  appear  to 

be  to  Count  Rumford.     Perhaps  we  may  both  be  too  Arongljr, 

biafTcd  toM'ards  preconceived  theories :  however  Uii»  may  be^ 

it  feems  proper  that  when  new  fafl.t  are  brought  furwrard,  we 

ought  to  reconcile  them  to  Ihe  theory  erpoufed,  ^ 

Mr,  DjIumi'i         ^'  psgc  93  of  Vol.  X.  of  this  Journal,  I  have  fbled  a  niiiii>^ 

(■per.  inihit     lier  of  fafls  and  oiperintenli  which  appear  to  me  irrecon^ 

u^ilh^aT  cileable  with  the  notion  of  water  being  dcnfeft  at  W.     1 

believe  it  ii  denfeO  at  y^"*,  or  llie  ireesiiig  point ;  and  it  if 

my  prefent  intention  to  Ihew  bow,  on  loy  hypolhefii,  I  ci^ 

plain  Count  K/a  refulli.  , 

•  See  Philot  JouraJ,  Vol.  II.  p.  CO. 
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Waler  expandi  by  heal  TroRi  fome  point  (wliatever  it  m»y  Count  Rum- 
prove  lo  be)  by  a  law  which  is  nearly  that  of  ihe  fquate  «f  ^^,"  "^y^jj 
the  (emperalure  from  ihc  faid  potnl,  ai  is  evidenl  from  Sir  on  m>.  Dalnn'a 
Charic!  Blagden's  table.     Coiilec|uenlly  the  force  of  »fc«i1,  ^^f P;;^^,fi^- 
whkh  water  acquire)  by  temperature,  is  at  (irft  very  fmall,  nmc  chif.r  i^ 
but  iacreafei  to  a  very  conliileiable  ainonnt  before  ebullilion.  ^™«nri(mi.  hy 
The  coibcfion  of  the  parliclei  of  water  i*  a  tonliant  forceju,  ,„,,  4,b6ij. 
tberc  will  therefore  be  a  point  of  equilibrium  between  lliefc 
two  ierceii  that  i*,  a  point  al  which  the  increafed  lemperalure 
will  be  but  juft  fu!1icicnt  lo  counteract  lite  teiiaciiy,  in  wiiicb 
cafc  no  internal  motion  can  enfue.    WheOicr  a  drminnlion  rri 
denfily  in  waler  lo  ihe  amount  of  oac  hundndih  or  one  ihou- 
Jlmdtk,  or  one  ten  ihoufandth  or  more,  ii  the  point  alluiled  lo, 
it  lo  be  determined  only  by  e^cperiraenl.     I  apprehend  that  This  chmfc  it 
water  of  W  is  about  one  tealUoufamUk  part  lighter  ihao  «*»er  J°*,"^"°J^^*' 
of  32';    but  that  thii  force  of  afcent  is  but  juft  rufficieni  ituinnti 
lo  counterad  the  tenacity,  and  confequcntly  no  motion  lake* 
place;  in  fuel)  cafe  the  difTufion  of  beat  through  water  i)  the 
bme  ai  through  a  folid  body.     Whenever  the  ditTeretice  in 
dcniity  exceeds  thai  jufl  meiuioncd,  interijal  motion  it  the  con- 
fe(]uence,  and  thai  greater  in  proportion  lo  the  dinireiice  of 
denlily,  whidi  wcknow  may  amount  to  ^  of  the  whole. 

Count  R.'s  experiments  therefore  will  be  explained  by  ob--^'iil  thertft™- 
ferving  that  the  thermometer  acquired  heat  by  the  proper  con- '  ^jj*^' "         ' 
duAing  power  of  water,  a«  if  i(  had  been  metal,  or  any  utber  wjinli  u  if  thto' 
(olid  body;   the  temperature  acquired  was  greater   in  Ihelid?.   '"*'  ^"' '■ 
experiment  than  in  the  IJ],  becaufe  ihe  heal  of  the  ball  was  it^rci  then  wu 
greater;  but  in  the  3d  experiment  the  heal  of  the  ball  was* '""="'»  "hiik 
fucfa  as  to  proiluce  a  current  upwards  that  alinoD  pieeluded  4jfc(„t_ 
the  defcent  of  heat,  by  carrying  away  the  heated  particles  as 
fooD  a^  formed. 

The  circumfiancet  of  the  two  thermometers  by  ihe  fide  of  ^''''^"'T  '«- 


any  lempcralure,  i»  curlainly  remarkable,  and  not  cafy  to  be 
explained,  even  upon  Count  R.'i  principle;  for,  the  fuppo.' 
fed  defcending  current  of  warm  watei  HioulJ  have  filled  the 
cup  and  overflowed,  fo  as  lo  affefl  the  collateral  thermometer. 

Otie  mod  important  experiment  Count  R.  lias  omiiled,  and  Impnfi""!  tipe. 
which  it  is  pnrticularly  defirable  that  he.  or  fome  one  in  pof-  ll""c  ™^!'h 
felEon  of  a  fimilar  apparatus,  would  perform,  tfpeclally  as  iiai  40°  .m  ibi 
would  go  further  than  any  other  to  ellablilh  tlie  doflrine  of  cur-  " '    "  ^^'* 
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renh  fn  water,  wfien  tie  (emjMfratore  vartef 'ftoih  32  (o  46f . 
This  is  to  repeat  the  ift  experimeilty  ivTkh  (he  difTeretlee  ttalf 
the  ma  ft  of  water  (liould  be  itt  the  temperature  40*,  an'df  fW 
ball  at  S2*  ;  m  whfdi  cafe  tbe  theflmoriA^^lter  in  the  cnp  wDttt(/ 
k  not  be  at  all  afikAtod'  upon  CoUnt  R.'s  priiwipfc;  tsrat  if  thcS 

expYianation  I  have  Mempted  -abnTV^  b^  titltmrafe,  no  tnateriaf 
difference  in  the  refults  of  th^  t#6  experiments  woufti  Be  ob* 
fcrved.  •'»* 

I  "  i  am  yoQr*s 

J.  DAtT0K\ 

iiancheftetf  Augujt  17,  180^.  ..;  .* 

-.r?n:  _ ._  .■■■'■■■     \\*    ;■■■■■  .' 

VI. 

Oa  /Atf  ifrr  qf  lending  Wood.  ,.Bjf  J.  H.  Ha ssKNr-& atz«* 

Either  five  or       X  HE  operation  of  bending  mjay  be  performed  either  on  live 
bebended. °^^  ®^  ^^*^  wood,  the  procelTeft  differing  however  for  ihefc  tW0| 
iiates. 

I.     Qik  the  hemdiHg  qf  Lite  Wood^ 

Live  wood  nuy       Live  wood  hat  a  natural  elafticity  f,  which  varies  according 

^  to  its  fpccies,  iise,  imd  age.    The  larger  and  older  the  wood| 

the  iefs  elafticity  it  polfeffes. 

This  operation  is  performed  on  wood  when  growing,  either 

.  to  Hraighten  it,  to  give  it  a  figure  fuitablc  to  the  ornamentaf 

purpofe  for  which  it  is  deiigned,  or  to  (hapc  it  to  the  nfe  for 
^bended  for  which  the  timber  is  intended  when  cut.  Thus  trees  maj  be 
fliip-building,or|j^njed^  which  are  intended  for  the  building  of  (hips,  or  for 

for  fcloebof  i  •         ^i       r  n  r       i_       i     • 

wheels   5cc.  making  the  felloes  or  wheels  in  one  piece. 

Bv  fattening  When  trees  are  yet  young  and  pliable,  their  flems  are  faftv 

ui)wn  young  eneJ  down  by  ropes,  or  poles,  or  (lakes,  or  frames.     In  this 

°*^  iituation  they  are  confined  till  they  will  retain  when  let  loofe* 

the  corvature  that  has  been  given  them. 

This  themoft  Of  all  the  modes  of  bending  timber  the  mof!  eafy  and  com* 

eaiy  proccfs  5  modious  is  that  applied  to  young  growing  trees :  for  their  pH* 

*  Tranflated  from  the  Journal  dcs  Mines,  N.  94,  p.  475,  Joly, 
1804. 

f  In  many  parts  of  this  paper  the  writer  feems  to  have  ufed  the 
word  elafticite  for  the  property  of  undergoing  flexure  without  break- 

lUg.        I  • 

antnefs 
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tlallicity  enable  llietn  to  acqtiiit?  any  firm  ff:al  muf 
#efifpd ;  To  thai  Ihere  are  feiv  to  which  llie  niort  ivlilmlicil 
mwiTnay  nol  be  given,  wiili  due  care  drii)  ttie  rectui1ileT»''- 
CMiPOn<  i  but  at  llie  Tame  time  we   injure  Iticif  natural  ctinfli-  bat  injuriaiM 
ftrtion,  retirH  their  prngrH',  and  fretiiiently  reduce  them  (o  «  ""  '  *'"     • 
Rate  of  conAraini  Bnd  direafi.'  prejudirial  CO  tlieir  growlli, 

n.     0/  (kt  bending  i>f  Dead  irootL 
.    The  bending  of  wood  llial  is  cut  Hnwn  and  dead,  '■'""g'*  J^^j^J^"*''    ' 
Bore  difficult,  is  yet  more  iii  a(e,  becaufe  we  itiny  choore  fuch  mail  nivaiiiw- 
ii  is  bell  adapted  lo  the  purpofe  for  which  it  it  deligncd,  and  ■""• 
tften  give  it  the  fuUable  cufvaiure. 

•  The  prorcfs  generally  employed  i*  founded  on  the  property  The  pthieifite  Ii 
tsluric  pofTefres  of  augmeniing  the  claftidly  of  wood  by  pene-  j^^'.'  ^h'ieh  In-  ' 
tfaling  it.  and  diminifhing  ihti  elaftJcily  on  quilling  it.  cKjfci  the  pli- 

Thu-!  when    we  wilh    lo  bend  thin    pieces,  as  the  ftavei  nff^''"'*^"*^ ''^ 
fcarre!<,  nr  ihe  piaiiks  of  boat",  we  heat  them  at  rhe  part  that 
1*  10  be  corwed,  and  bend  ihem  gradualty  as  they  giow  hot, 
■    Bot  heal  apph'ed  lo  one  part  of  ihc  wood,  while  the  other  P"ti»J  host  "f- 
m  in  conlafl  with  Ihe  air,   heals  it  unequally,  and  increaiei  the  unron/iiy,  in4 
bHaMener*  but  partially  ;   (n  that  on  bending  il,  Tome  parls  are  oMjfiom  it  to 
Biff  and  others  yield,  occalioning  an   unequal  ciirvalure,  and""    "  P' 
fomclimes  craeti  or  rplinleri  in  ihe  infide  or  on  ihe  fuflace  of 
the  wood.     Tlic  only  meliiod  of  remedying  thi*  inequaijiy  Is 
to  heal  ihe  wood  eqaally  Ihroughout. 

Furnaces  or  flovet  gradually  healed  arF  adapted  lo  the  pur-  Furniciior 
|>oft«f  alfcfding  a  uniform  heat,  and  confequenity  laciKtaiing  ^^'.™''p^" 
Ihecurvalure  of  Ihe  wood;   but  in  ufing  them  there  is   reaftmmay  teanli  k. 
lo  fear,  thnl  ihe  caloric,  while  healing  Ihe  wood,  may  expel 
from  it  Ihe  fluids  cuiilained  in  it,  char  it,  and  wliwlly  defirojr 
ftt  elslliciiy. 

The  pliablenefs  of  wood  is  in  proportion  not  to  ill  temper-  H^mi.llcir  u 
Mare  alone,   bul  lo  its  humidity  hkcwife.     The  fame  wihkI  '' aUi'y  t^  rtnia 
the  (ame  lemperafure  will  be  more  or  lefs  pliable  in  propnrtinii  woj*!  pliib:*, 
to  the  water  contained  in  i( ;  and  at  an  equal  degree  of  nioif- 
tare  ih  eladii^ly  will  be  proportional  (o  its  lemperaiuro. 
•'    We  have  an  InRance  of  ihc  do.ible  influence  of  heal  andTh=  finKiii.t 
moifture  in  joining  two  pieces  of  wood  with  a  ti-non  and  mor-  nJ^n,(,'i^  * 
life,   where  thAmortife  is  only  a   third  of  the  hreadlh  of  ihetcnoa. 
piecw  that  ii  driven  into  it  to  Ibmaihe  joint.     Thefe  joints,  fo 
extraordinary  in  appearance,  (arprifc   people  fo  mucj],  Ihat 
S  moA 
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Heat  and  oMnf-  moft  of  ihofe  who  ufe  them  make  m  myttetf  of  tbem.    Thi 

m^l^  ti^  procefii  employed  in  ibis  operation  has  given  rife  to  the  aielhod 

at  prefent  in  ufe  for  bending  with  eafa  the  largefi  and  ftiflUI 

timber]  it  owfiAsin  penetrating  it  viritb  hamiditj,  and  at  tbo 

bme  time  imparting  to  it  a  uniibrm  temperatore,  then  bendiog 

itf  and  letting  it  cooli  while  it  is  kept  in  the  form  to  whicb  it 

has  been  brought. 

•^n  three  dif.       For  heating  and  moifiening  the  timber,  three  difTereot  pro* 

''^^^^n^^      cefles  have  been  employed:  firii»  boiling  waier}  feooadij* 

fleam;  the  thirds  wet  fand  healed. 

ift.  By  boUiae       The  flove  for  the  firfl  procefs  coofifls  of  a  brge  ooppec 

^^^^^  boiler,  heated  by  three  furnaces,  clofed  by  a  movable  ccnrer» 

and  varying  in  its  dimenflons  according  to  the  fiae  of  the  tim- 

ber  for  which  it  is  intended.    Cranes  are  ufed  for  raifing  Uiq 

timber,  and  putting  it  in  or  taking  it  oat  of  the  boiler»  which 

is  kept  fall  of  water*    When  the  timber  is  in«  the  cover  is  put 

on  and  beaten  down  clofe,  to  diroinifli  the  evaporation  of  the 

water;  the  three  fires  make  the  water  boil,  the  timber  is  heated 

and  penetrated  with  moifture,  and  it  is  then  taken  oat  to  be 

bent. 

Thii  diflblves        This  procefs,  one  of  the  firfl  that  was  empfeyed^  hat  ttm 

t^n!p^^d  ^*^^^  ®^  diObUing  a  part  of  the  proper  fubOance  of  the  wood 

kflen»  the  di-      in  the  boiling  water ;  the  timber  (lirinks  in  drying,  fo  as  to 

»Mifions  of  the  become  narrower  and  (horter ;  its  flrength  and  elafiicity  are 

confiderably  diroinifiied,  and  from  thefe  alterations  occaQoned 

by  it  the  procefs  is  difufed. 

sd.  By  fteam.        Figures  2,  Sj  and  4,  PI.  II.  reprefent  the  pkn  and  ele* 

£ft  Eeaiwr        vations  of  a  flcamer.     It  confifls  of  a  large  wooden  box« 

formed  of  flout  planks,  held  firmly  together  by  fquare  frames. 

Within  are  fupports  for  the  timber  that  is  to  be  expofed  to  the 

a6tlon  of  the  fleam.     The  dimenGons  of  the  box  are  regulated 

by  the  fize  and  quantity  of  the  wood  intended  to  be  (bflened. 

For  fmall  fleamers  a  boiler  is  fixed  at  one  extremity  of  the 

wooden  box,  and  the  wood  is  introduced  at  the  other  through 

an  opening,  the  door  of  which  either  flides  in  a  groove  or  turns 

on  hinges.     For  Lirge  ones  the  boiler  is  fixed  in  the  centre,  and 

there  is  an  opening  for  the  timber  at  each  end.     In  the  fide 

oppoflte  the  boilers  are  openings  aa  a  for  arranging  the  tim* 

Ir  ffiouTd  be  co-  bor  on  the  fupports.    It  is  ufual  to  leave  the  wooden  bosies  ex* 

b^dlonduarof  P°f^^  ^^  ^^^®  ^  externally  i^but  it  would  be  of  advantage  to 
kwac.  cover 
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«OVcr  the  plankf  with  Tome  fubOuice  that  ii  a  bad  conduQor 
«f  best,  to  confine  ihe  h«at  that  is  direngaged  Stow  the  fleam 
■Whlriii. 

Each  boiler  havinga  coram  un  in  I  ion  with  the  inlerior  of  the 
box,  by  meant  of  a  pip«,  (he  (leBin  is  dtftribuled  to  each  fbg« 
hy  the  tubes  b  b  b,  fig.  3.  The  vapour  arifmg  from  the  boJI' 
ing  water  penetrates  the  timber  with  moiilufe,  heaH  it,  in- 
cteafcf  iu  elaDicil)',  and  renders  it  fit  to  be  bent. 

Steainera  require  little  care,  and  little  expenfe,  bat  they  Tlii«  prectJi  ii 
-cannot  be  ufed  for  limber  of  any  great  thicknef;,  fince  they  not  (ipenrive- 
cannot  impart  a  emperaiurc  higher  than  that  of  bulling  water,  but  it  it  ikx  hot 
and  this  is  not  fiifijcient  lo  give  large  pieces  the  degree  of  pli-  \"°^  ^^  '"■* 
ablenefs  oeceiTiry  for  bending  ilicm. 

This  lowncls  of  temperature  gave  rife  to  the  invention  of  'i'^-  Bywttfiai. 
'  Che  fiiid-Rove,  which  is  formed  of  four  flonc  or  brick  walls,  dtbnfecd. 
In  the  middle  are  two  furnaces,  with  which  fcveral  ciicutat 
Aues  communicate,  for  conveying  the  heat*  the  healed  air, 
sad  (be  fmoke,  to  a  chimney  riling  from  each  end.  On  ihefe 
flues  are  plates  of  call  iron,  which  form  the  bottom  of  ihe  ca- 
vity ill  which  the  fand  is  placed  ;  the  flame  and  imuke  circu- 
lating ia  the  ftuei  heat  Ihefe  plates,  and  thefe  plates  heat  Ihe 
fand,  Thi«  is  an  imitation  of  Ihofe  fand-balhs  which  have  been 
long  employed  in  many  chemical  pioceOcs  and  in  leveial  ma- 
nDtaflories. 

Ai  llie  land  may  be  healed  lo  a  temperature  above  that  of 
boiling  water,  it  can  communicate  a  greater  heat  lo  the  tim- 
ber; but  were  there  nothing  but  fand  and  timber  in  the  Dove, 
all  the  gafetiable  fubllances  in  the  timber  might  be  expelled 
by  the  heat,  and  the  timber  charred. 

To  prevent  this,  one  or  two  boilers  tilled  with  water  are  stom  nuiH  be 
placed  in  Ihe  middle  of  the  fiove,  The  water  converted  mio  *f"!  "ithdit 
(leaiR  by  boiling  penetrates  the  fand  with  moidure  j  this  im-  ' 

parts  moiflure  to  the  timber ;  and  thus  Ihe  heat  that  pervades 
the  limber  expels  from  it  no  more  muiflurc  than  is  replaced  by 
ihe  fand,  fo  that  all  the  proper  fubftances  of  the  timber  are 
prefer  ved. 

We  will  not  venture  lo  affirm  however,  that  no  portion  of  »"*  the  rimber 
the  component  parts  of  the  wood  is  evaporated  in  thi«  opera-  ^p^y,  jniuttiU 
lion,  and  that.confequently  it  undergoes  no  alleraiion;  bat 
with  (he  precaution  of  taking  ou^lhe  wood  to  btnd  it  as  foon 
U  it  ii  fullicienlly  heated  and  penetrated  with  moillure,  the 
injury  is  impercepiible. 

Vol.  Xn.— SiPTiMflSB,  1305,  D  Tim 
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The  fimcUilove  is  covered  throughout  itt  whole  length.  Am 
•elerd  the  eveporalicm  of  the  moifime  coBtuiied  im  il,  snd* 
allow  the  heat  to  accumalate  fufficientljr  to  gtre  the  woedillw 
proper  temperature. 
ManipalatioQ  '  The  pieces  of  limber  are  mtrodiiced  at  the  ends*  rplaeed  in 
for  the  heau  iheiniddle  of  tiie  fiove  in  the  direaioD  of  i^  length  on  bwa 
fixed  (or  the  purpofe,  and  covered  with  fand. 

When  the  timber  has  been  heated  and  penetwtad  with 
moiilure  to  the  proper  degree  for  enabling  it  to  afliioe  ihn  de» 
gree  of  curvature  required,  it  is  bent  to  a  line  de&gnntJDg  the 
corte. 

■  

The  wood  may  The  timber  may  be  bept  in  two  ways »  either  horiseotalljr  or 
ikmS^vu"  vcf^ic^I'yf  ^c  former  is  ufed  for  pieces  of  fiaaller  dimenSpiis 
fkJCif,  and  greater  curvature. 

—by  uqfmsf*        In  either  way  the  force  thai  produces  Ihe  curve  is  npplM 

chanic  power  s     by  means  of  ropes,  tackles,  or  even  capftans.    The  piece 

muO  be  kept  in  the  (hape  to  which  it  is  brought,  snd  -thus  ksft 

to  dry  and  grow  eoM,  when  it  will  retain  Ihe  curvaiiire  given 

to  ft. 

-which  may  be '  Frequently  when  the  piece  of  wood  is  thin,  pneiure  by 
allied  various  |,and,  or  by  weights,  will  bend  it  fufficiently,  fo  thai  it  will 
^*^  retain  its  (hape  on  cooling.    But  the  means  of  bendsng  it  amy 

be  varied  to  infinity,  aooopdingto  the  eUAicity  of  the  timber^ 

its  fize,  its  temperature,  and  its  humidity. 

VII. 

Experiments  7nade  in  the  gr^att  in  a  reverberating  Furnace  onCaJt 
Jren,  c^i^firming  the  efiabUJhed  I'heorj/  rc/pecting  the  Difference 
beix»ee^  c«/9  ons^  muiitaOle  fron.  Hjf  G.  A.  Lamfadivs, 
Prqf^  qf  Ckcmij^ry  and  JUctaUut'g^  at  ffci^l/erg* 

The  revcrbcra-  X  SHAUt*  fir^  defcribc  the  reverberatory  furnace  ufed  in 
J^jY"*^  ^^"  Ihefe  exp^wacnt^.    It  had  three  principal  parU;  1.  the  air 

tunnel 

*  Eztra£(cd:by  J.  F.  DaubruiTon,  In  tlie  J.  dei  Mines,  from  the 

Sammlung  PraQifch^chemifcher  Ahhandlungin  <  ]\  a^lical  Chcmica) 

Effays,'  of  Lanipadius,  Vol.  II.  p.  1 1  j. 

Pritequeftloa  ^n  17ii5,  the  Royal  Society  of  Bohemia  propcfid  n<;  a  priz«;  quef* 

of  Bonemian       tion  to  fettle  the  theory  of  the  refining  of  iron,  ukingaa  abafis  the 

Society,  X79S.    labours  of  Van Jcrmonde,  BerthoIIct,  and  Monge,  on  the  diffvuent 

ftatct 
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■tunHelan(^afTl-^ole,■  2.  the  fircjilace;  3.  llielieaTtlt  aMcMni- J' "■" '"  "'f 
ney.     To  obljin  Ihe  proper  degree  of  heal,  ihe  air  was  con- jn^^^f, wi'i'hla 
iloai;d  through  a  veflical  f untie!  feveral  ells  long  (ihe  Saxon  i-ll  ^nd  in  chimcj 
■     lear  two  En^Iifli  feel),  Ihe  luwcr  aperlure  of  which  was *** '**"''''»'" 
<Jvcr  a   nream  of  waler,  and  coiirequently  it  brought  rapidly 
W  ihe  fire-place  a  I'upply  of  fi'efli  and  condcnfud  air,     Thh 
•ftiel  was  wood;  ihe  boKom  of  t^ie  furnace  was  an  oval  caviljr,  i 

tfiiVered  w'iih  a  heavy  coaling,  and  capable  of  con laiiiing  three 
(rt  fbar  hundred  weight  of  metal.  The  flame,  wtiich  traverfed 
Ac  furnace  with  rapidity,  efcaped  afler*ards  throu|h  a  chjm- 
iVeyeTght  ells  high.  The  fjrnacc  had  an  opening  capable  of 
Btirvg  clofed  at  pleafure  by  an  iron  door.  There  was  anolber 
iai6H  the  firt-place,  a  few  Inclies  Aiuati-,  fervjng  lo  adinil  ifia 
nAzztc  of  a  pair  of  bellows,  or  ihe  neclt  of  a  relotl. 

In  Ihe  ufe  we  made  of  this  furnace  I  had  an  oppbrluniiy  of"""'*'^  P^r*! 
dbftrving  very  diflinflly,  that  in  Ihe  flame  of  a  clofed  revcrbe-  ^jfibt^in^he" 
^Ittry  furrtace  [here  are  alwayt  a  multiiude  of  utioitided  par.  flimt  of  (hH 
flcteS  of  carbon,  which  impart  lo  it  ihe  capaUUly  of  i^edueing'''''**^'^'** 
[dlfotiding)  metal.     This  opimon  I  had  already  announced  On 
bccafion  of  a  memoir  of  Mr.  Dacamdia.      In  fome  of  out 
IriaU,  making  ufe  of  the  wood  of  the  Scotch  fir,  we  obferved, 
thM  (fie  TmokeilTuing  out  was  black  and  denfe,  and  tliis  the 
hiBrt  the  fretlier  ihe  wood  j  but  a?  foon  as  we  made  ufe  of  tlie 
bellows,  the  flame  appeared  clear,  becaufe  Ihe  oxigen  inlro-  > 

duccd  by  the  air  or  vapour  oxided  (he  carbon  lha(  w^  In  (bs 
taiae,  Slid  thus  produced  a  greater  heat, 

Firfi  EAperiment  with  thefiaiple  Fire  of  the  Furnace,  E>p.  I. 

The  furnace  having  been  heated  for  fome  houti,  and  the  fire  Grjy  liac  irtinJ 
being  very  violent,  aboBl  lliree  hundred  weight  oi'  melal  wat  ,„  ,^t  revetbe-  ' 
taken  from  Ihe  crucible  of  the  high  furnace,  and  poured  into  "tory  funute, 
the  reverberating  furnace.  This  cad  iron,  when  become  folid,  f"^^,  f*  j, 
«vat  ptjt  and  of  a  fine  grain.  At  the  expiration  of  an  hour  Meiiy  «»buict 
S  frothy  koria  appeared  on  Ihe  furface  of  the  metal,  which,  to°'  ''^' 

Aatci  of  iron.     Mr.  Lampadiui  Iharcd  the  prize.     Hii  roimoir  qiay 

be  conlidered  in  general  ai  n  confirmation  and  fupplemcnt  to  clif  la-  i 

bour*  of  the  Fiench  academicani ;  the  rxpcrimcntf  which  he  maile 

at  Muckenberg  in  Saxony,  in  (lie  iron  works  of  Counl  Von  Ein- 

firdcl,   affording   him  freOi  proof*  of  thit  theory,     Thefe  experl* 

menti  are  hereprefented  lo  the  reader.         D. 

■ '       "  D  2  judg9 


J 


35-  O*   CAST   IJLOV, 

judge  from  appearances,  confided  chiefly  in  carburet  of  iron# 
Not  remorabk  We  attempted  to  remove  il;  but  as  fome  of  the  metal  adhered 
htj^nD$  iq  {(^  21,(1  came  away  at  tlie  (ame  time«  we  defifted.  Soon 
,  after,  the  furnace  being  clofed,  we  heard  a  continual  boilingy 

refembling  that  of  a  vifcous  fubAance  in  a  clofe  veflel.  Oa 
The  metal  was  Opening  the  furnace,  we  perceived  that  the  whole  matter  in 
biought  CO  ebuU  reality  boiled,  and  that  bubbles  were  continual l^rifing,  which 

Carburatfd  hi-  ^"^^  ^"  ^^^  furface  With  a  beautiful  bluifli  flame.    Thefe  jeta 
4rogen  gas  cvol-  of  flame  had  the  colour  exhibited  by  carburaled  hidrogen  gas* 
The  boiling  continued  as  long  as  (he  fire  was  kept  up ;  at  the 
(ame  time  a  pretty  large  quantity  of  fcoria  was  i'ormed,  which 
however  could  not  be  removed,  on  account  of  the  vifcous  con- 
fidence now  acquired  by  the  metal.     Beiides,  as  the  metal  was 
frequently  fiirred  to  prefent  a  frefh  furface  to  the  air,  the  fco- 
]m  fifje  hoan  it  ria  mingled  with  it.    At  the  end  of  five  hours  it  was  no  longer 
beoine  white     fluids  and  appeared  to  be  refined.     It  had  loft  its  gray  coloar 
grained,  ^^^^  fineoefs  of  graini  was  white  and  coarfe  grained^  and 

and  tfittle  mal-  (ho wed  itfelf  more  malleable,  though  it  was  not  capable  of  he- 
This^wai  after-  ^"g  forged.  The  refiner  carried  it  to  his  ordinary  furnace,  and 
¥rards  refined      there  it  was  refined  in  lefs  iiaxCf  and  required  lefs  labour  than 

iboner  than  com- ^^^^^_  _,n  •  ^-, 

—«.  «.A  ;•««      common  calt  iron. 

non  can  iron*  ^  ^      • 

.'    As  in  this  trial  we  were  unable  to  leparate  the  fcoria,  and 

refining  iron  in  no  change  had  been  made  in  the  form  of  the  hearth  of  the 

a  reverberator/  common  refinery,  which  ought  perhaps  to  have  been  done, 

nothing  pofilive  can  be  advanced  with  refpcd  to  the  praftical 

advantage  of  refining  by  the  help  of  reverberatory  furnaces  ; 

we  were  merely  convinced  of  its  pofEbility,  and  enabled  to 

demonfiratc  the  theory  of  this  procefs,  that  is  to  fay,  of  feeing 

ihews  that  car-    clearly  what  pafTed  in  the  operation.     The  caft  iron  was  hero 

boa  U  bamcd     converted  into  malleable  by  means  of  the  oxigcn  that  was  in 

®^*  •  the  little  atmofpheric  air,  which,  jointly  with  azote  and  car* 

bonic  acid  gas,  covered  the  metal  in  fufion.    This  oxigen 

combined  with  the  carburet  of  iron,  and  then  carbonic  acid 

:.. .  ^  gas  and  oxide  of  iron  were  formed ;  this  produced  the  bubbles 

of  air  and  the  fcoria.    The  lightnefs  of  the  frothy  fcoria,  which 

arufe  to  the  furface  at  ihc  beginning,  was  the  reafon  of  their 

reparation  from  the  refl  of  the  mafs ;  but  as  foon  as  the  air  be* 

gan  to  acl  they  were  deflroyed. 


Second 
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Eiftrment ;  the  Fire  (ff  ike  Furnace  being  a^Jled  by  thettj.  tl. 
Vapour  (if  Water. 
I  had  adetnpled  (o  decaDipofe  carburet  or  iron  in  rmall  quan-''T«="'™'^tof  ' 
tiliet  by  the  help  of  water  in  the  (late  of  vapour.     By  healing p^fj  |,,,u(»m 
the  carburet  red  liol,  Ihe  waler  was  deconipofe^d,  and  I  ob-  >aP»ui> 
Uined  carbonic  acid  gas,  hidtog^n  gas,  and  oxide  of  iron.    Ai 
the  cliief  diflefenoe  between  caii  and  malleable  iron  conCfti  in  Appreiiion  of 
a  certain  quantity  of  carburet  of  iron  contained  in  the  fornwr,  Itgnj^i"^!  *" 
and  which  mud  be  feparated  to  render  the  iron  malleable,  1 
wai  deSroui  of  trying  the  elTcfl  of  water  in  vapour  on  call 
iron  in  a  re verberalory  furnace,  principally  in  order  to  know 
how  far  the  refining  of  ]toa  might  be  carried  on  in  this  way. 

About  three  hundred  weight  of  cafl  iron  of  ibe  fame  quali- 
fy ai  before,  and  ju(f  taken  from  the  high  furnace,  were  put 
into  the  revwbcraloty  furnace  ai  in  the  preceding  esperimeni  j 
WC  then  took  a  large  tubulated  Iron  relotl,  put  into  it  nine  or  Sieim  va  to. 
ten  quarts  of  water,  (itlcd  a  gun  barrel  to  \U  neck,  and  iiitro-  '"''''«^> 
djtced  the  end  of  Ihe  gun-barrel  into  the  little  opening  in   Ihe 
furnace.     The  water  in  ihe  retort  was  made  to  boil,  fu  ihat 
llic  fleam  driTufed  iifelf  with  the  llame  over  Ihe  melted  metal. 
At  the  CNpiraiiun  of  half  an  hour  all  Ihe  marks  of  refining  that 
fayd  been  obferved  before  were  perceptible ;  the  ebullition  was  ^f  whictr  '       : 
conGderable,  and  the  flame  Ihal  ilFued  from  the  chimney  more  '  ^^"j^^''°"^|j_ 
bright.     Two  hours  after  the  commencement  of  the  proeef^i^, 
ftelb  water  was  put  into  ihe  retort.     In  aiioul  three  hours  ihe 
metal  began  lo  thicken,  and  at  ihe  end  of  four  hours  it  exhi-  '* 

biled  the  mark?  of  tetined  iron,  and  we  imagined  the  opera- 
lion  to  be  6ni[lied,     VV'e  found  Ihe  giain  of  this  iron  finer,  bui  d«  Imn 
however,  Ihan  that  of  the  iron  operated  upon  in  the  preceding ^'^'^'^J^'i^f""' 
experiment,  and  the  mafs  Has  full  of  little  blebs. 

We  gave  it  lo  (he  refiner,  who  Heated  It  like  the  former  ;»nd  wit  left 
but  to  our  great  afioniihment  we  found  that  ii  wrought  worfe "^^^J ^L^b^ 
19  Ihe  refinery  fire  llian  call  iron  the  mofl  difficult  to  refine.     It/we. 
lequired  much  more  labour,  and  an  lioiir's  lime  longer.  • 

Having  alTayed  a  fpecimen  in  the  Sale  in  which  it  came  out  There  «-.f  moit 
of  thcrcverberalory  furnace,   I  found  it  to  contain  a  much  'a'-ihj^'iQo'thet" 
g«r  quantity  of  uxigen.     Eltperience   had  already  taught  pc.kindi  o(  c»fl 
that  half  a  pound  of  gray  cad  iron,  treated  in  a  rcUirt  wiib'."*"* 
four  ounces  of  charcoal  liom  which  all  carbonic  acid  gas  ha  ' 
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been  expelled,  gave  32  *  cubic  inches  of  carbonic  acid  gis« 
An  equal  ■quaotky.oC  vi^bite  ^»fl  iron  afibixied  165  cubic  iochfi 
of  the  fame  air.  Four  ounces. of.  ihe  cad  irqn  juft  taken  from 
the  reverberatory  fqmace,  mixed  wilh  two  oif nces  of  churcoplf 
yielded  96  inches,  or  192  inches  to  half  a  pound. 

Hence  we.  iD.ay  infer,  that  the  proportion^  of  oxigen  cop? 
tained  in  tbefe  difTerent  kinds  of  cad  iron  aie» 
In  iron  fuper.refined  by  the  vapour  of  water     -        192 
Common  white  cafi  iron     -        -        •        •        •    1 65 
Gray  c^  iron  ••..•«    96 

Hiiifuper*  To  the  iron  produced  in  ihe.  experiment  juft  mentioned,  I 

rc£oed  iron  im-  -j^^  ^^  epithet  fuper-refined  +.  becaufe  I  conceive  it  to  hare 
from  the  de-      been  formed  as  follows : — ^The  water  in  vapour  was  decom* 
com^fed  water  pof^j^  and  dedroyed  the  carburet,  asatmofphertc  air  does  in 
its  carburet.       ^^  ordinary  refining ;  but  at  the  fame  time  this  water  impj^rted 
to  the  iron  fo  large  a  quantity  of  oxigen,  that  in  the  refinery 
it  was  nece(bry,  not  only  to  feparate  the  fcoria*  but  to  difoxide 
the  metal  lilcewife.    This  experiment  farther  confirms  the  pro* 
perty  iron  poflfefTes  of  becoming  oxided  in  differeut  degrees. 

If  this  experiment  afforded  nothing  pradically  beneficial,  it 
has  at  leaft  thrown  fome  new  light  on  the  properties  of  cai( 
iron. 

Eip,  in.  Third  Experiment ;  ihe  Fire  of  the  Furnace  being  ajftfied  by  the 

JSiion  of  Bellows, 

Bellows  applied  The  fame  furnace  was  ufed,  and  the  place  of  the  retort  in 
With  the  rever-  jj,g  preceding  experiment  was  fupplied  by  a  pair  of  double 
'  bellows  mounted  with  leather,  5  feet  ^4f.  S  in.)  long,  S  (2f. 
10  in.)  broad,  and  4-  (3.  f.  9  in.)  high  at  the  poflerlor  exlremity 
when  open.  It  was  fo  placed,  (hat  the  dream  of  air  was  pa« 
rallel  to  the  flame  and  to  the  middle  of  the  furnace,  and  worked 
at  the  rate  of  eight  or  ten  drokes  in  a  minute.  We  were  de* 
drous  of  feeing  how  far  the  air  thus  aOided  would  carry  the 
refining ;  the  furnace  being  managed  and  filled  as  before. 

The  heat  waa    v    "^^  ^^^  ^^^  ^^  ^^^^^  ^^  ^^^^  ^^^  ^^^^^  ^^^  perceived  to  be 
jDuch  greater,     much  greater  than  in  ihc  fird  and  fecond  experiments.     The 

phenomena  of  the  refining  already  mentioned  appeared  in  fuc* 

*  Probably  this  is  an  error  of  the  prefs  in  tic  original  :  as  it  does 

not  agree  with  the  proportion  adigned  in  the  next  paragraph,  one 

of  the  two  mud  be  wrong. 

^  -(  Or  furcharged  with  oxigen. 

cedion; 
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refSon;   but  inftead  or  lite  frothy  Tcoria  obtained  m  tlie  tirf!  Ti.c  fcurli 
■flay.  ■   veryBuid   fifalum  wai  furmed,  which  dilTufeJ  itfefl  "'''"''■ 
over  (he  melted  metal,  and  prevented  its  refining.     This  Tco-  It  w«  WiekiiJi 
.  when  grown  folid,  was  of*  a  blackilh  bro«ii  colour  >"'!  „jn*"j^aut(:' 
"eouii   fiacluTC,      We  endeavoured  more   ihaii  once   lu  re- and  nnt  to  be 
«ioi«o  it.  but  the  llralum  was  fo  thin  at  to  render  it  itnprafli-"""'"^- 
'  cable:  As  fnon  as  one  ftraium  wa*  removed,  another  formed.  Stlnlng  pra- 
Atlheexpiralionor  four  hours,  ihe  metal  being  flill  very  tloid,  ^""^""''" 
webefpn  to  (Kr  it,  in  order  lo  bring  its  different  parli  furcef- nii«;ng  com- 
breiy  into coniafl  with  the  air;  tliis  produced  an exltsondinary'"'"'"''- 
1  beat  in  iha  furnace,  combuftion,  ana   fcintlllalion,  refeinbltng 
>  that  which  take)  place  when  iron  wire  h  burnt  in  oxigmi  ga!^ 
Thii'  OKidatiun-  alwnj-s    produced'  frelh  fcoria  :  as  fnon  aK  we 

■  ieti&kd  rmm  Oirring,  every  thing  became  quiet,  and  the  (Ira* 
I  turn  of  fcoria  p'vvenlcd  llie  oxidation.      Al  length,  after  threa 

ir*  longer,   iiialiL'g   feveii   in  all,  during  which    the  melted 
nafi  lixd  frequently  been  fiirred,  it  teemed  to  thicken ;  per- 
fleiwing  (00,  that   it  diminillied  confiderably  in  quantity,  iho 
fire  wa( damped;  and  the  matter  left  to  cool  in  the  furnace.    I'TfJ"'""!, 
wai  afterward  wei^^hcd,  and   found   lo  have  lofi  much  of  itt  weight. 

reiqht.     Iti;  extraordinary  fradure  gave  reafon  lo  prefume  a  lt<friflur 
high  degree  of  omdation  j   for  jnliead  of  being  gray  and  gra-  P      '"'^ ' 
OqIdu>,  it  wa<  ciimpe^,  and  of  a  filver  white.      It  was  inter- ''°">"<- 
fperled  with  a  large  quBntiiy  of  rpherical  Laviliet,  greater  or 
Ivh  in  C^e,  wliicli  evidently  announced  the  cxiflence  of  an  ac 
Stform  fluid,  that  had  been  extricated  during  tbefufion. 

rhit  maf)  was  loo  fmall  (o  be  refined.     Having  examtned'Therewiiniucb 
llie  quantity  of  ovigtii  it  lonlained  in  the  fame  manner a»wllh^i.^*i^jjj  ^^_ 
Ihe  other  fpecimens,  I  found  ihal  four  ouitces  yielded  ST  cubit  qmni  n>ach«n 
inches  of  oxigen  gad,  and  confe<]u*nily  mne  inches  lels  ihan'^"" 
Ihat  which   liad   been   treated    by  meani    of  aqueous   vapour, 
Thu<i  probably  here  loo  the  oxidation  wa<  too  powerful,   and 

I  iron  was  fujier-rc Fined.     As  the   metal  did  not  become  without  pjlTing 

■  doogJiy  in  the  courfe  of  lite  provefs,  it  muft  have  been  fuper-  'i"""?''  "l' 
IViurated  with  oxigen  wilhoal  palTing  through  the  flaie  of  maU 
leabie  iron.     The  carburet,  it   is  true,  murt  have  been  (otallj  The  carb' 
deliroyed  during   (he  operation,  whitb  produced  the  filvcfy ''^ "'"'"'' 
hue. 
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Bmarks  an  the  hurfting  qf  two  MuJ^uet  SarreU  iy  a  Charge  qf 
Gun^powder  confined  ty  Sand,     W.  N. 

A  diin  mofqiiet  X  ART  of  the  barrel  of  a  mafqaet  of  which  the  intemal^i- 
terrei  burft*  amater  was  fix  and  a  half  tenths  of  an  inch,  was  corked  at' 
one  end»  and  fine  fand  to  the  depth  of  twelte  inches  waa 
poured  in:  apon*  this  was  poored  two  inches  of  gunpowder 
and  a  fnall  tube  (of  gla(0  was  then  ftuck  in  the  goopowder^ 
and  the  bore  of  the  tobe«  which  was  about  one  twentieth  of 
an  inch  diameter)  was  filled  alfo  with  gunpowder.  The  length 
of  the  tube  w%s  fufficient  to  reach  clearly  above  the  top  of  the 
gun-barrelf  and  all  the  reft  of  the  fpace  in  the  barrel,  being 
aboot  thirteen  inches  above  the  charge*  was  filled  with  (and 
lightly  poured  in.  In  this  fiaie  the  barrel  was  fet  up  in  one 
comer  of  a  furnace  chimney,  and  a  match  ftuck  into  the  giab 
tube  and  lig^tedi  afforded  fufficient  time  for  the  aififfants  to  re« 
move  out  of  the  dired  line  of  explofion  before  the  effed  conki 
take  place. 

The  difcharge  tore  the  barrel  into  feveral  contorted  pieoet 
in  the  part  near  the  charge ;  the  upper  part  fell  unaltered,  and 
its  contents  of  fand  ran  out :  the  lower  part  alfo  fell  down# 
but  neither  its  fand  nor  cork  were  difturbed,  nor  was  that  por-> 
tion  of  the  barrel  affeded. 

As  the  thicknefs  of  the  iron  did  not  exceed  one  thirtieth  of 

an  inch,  I  was  defirous  of  repeating  the  experiment  with  a 

ftronger  piece. 

A  Akker  bar-       A  mufquet  barrel,  2f  feet  long,  diameter  of  bore  five  tenths 

rel  charged  with  Qf  3^  inch,  and  thicknefs  of  metal  at  the  breach  full  one  quar* 

I^Y^  ter  of  an  inch,  was  charged  with  278  grains,  or  a  little  more 

than  half  an  ounce  troy  of  gunpowder,  which  occupied  the 

fpace  of  four  inches.     Upon  this  charge  was  poured  fine  fand 

to  the  depth  of  twelve  inches,  weighing  1151  grains,  or  about 

2j-  ounces  troy,  and  upon  this  was  lightly  prefled  down  a  fcA 

wadding  of  gauze  paper,  for  the  purpoTe  of  allowing  the  bar. 

rel  to  be  placed  horizontally  without  any  fubfequent  difturbance 

of  its  charge.     It  was  fafely  placed  in  an  horizontal  pofitioa 

and  firi'd  at  the  touch  hole  by  means  uf  a  train. 

Effeft  of  the  '^^^^  barrel  was  torn  afunder  for  the  length  of  eight  inches, 

cj^lofioa.  the  part  neareft  the  breach-pin  being  opened  nearly  to  flatnefs. 

The 


TEtOCITV    OP    PROJICTILEI.  I 

I  remained  in  ihe  barrel.  lis  face  ncareft  (he  blaft  was 
confolidated  to  a  very  fmall  deplli,  and  I  thick  the  n\a(i  had 
been  removed  or  elfe  jammed  more  clofel^  logelher;  far  ihe 
fpace  unoccupied  between  the  place  where  the  breach  pin  lisd 
I'^MD  and  the  ruiiacc  of  ihe  Tand  was  lull  nine  inches.  Bui  u 
^fbe  land  was  not  immediately  noticed,  I  cannot  be  face  that 
apne  might  have  been  driven  or  latlen  out,  during  or  %fter  the 
blaft;  though  I  am  dlfpofed  to  think  not. 

It  mull  be  remarked,  that  Ihe  powder  wan  a  very  full  char^,  Rtmiilti, 
and  thai  Ihe  land  weighed  ai  much  ai  fix  Biiifkel-balln  of  half 
an  inch  diameter.    I  do  not  however  apprehend  that  Ihe  barrel 
wouii)  have  buift  with  fix  balls. 

Tfae  blalling  of  rocks,  the  fplitling  of  logs  of  wood,  and  Ufei, 
the  dcllrijflion  of  arllllery  when  on  (he  point  of  being  aban. 
doned  to  Ihe  enemy,  are  the  leading  pHrptifet  in  which  the  ap- 
plicalion  of  fand  to  coniine  gunpowder  is  likely  to  be^nma  - 


IX. 

fort  tij  a  Method  of  wtefitring  ihe  initial  Vclxitj/  cf  Fro- 

^Ut  dijtharged  Jrom  Firr-afmt,  both /utriiantaUif  and  atllf 

K  Jiffertnl  Elevauonn,  made  to  the  Phgjicd  mad  Maihemutwiii 

ICltiJic^the  NalioitaUiiJinutcbyMr.PiLOVY.Dec.  II,  IB03. 

^ridged/ront  the  Origtnai  *. 

XT  h  not  much  above  fuly  years  fince  experiment  be^an  lo  Ruhmt  tirftcu- 
be  applied  with  luccefs  lu  (ho  theory  of  projediles,      Mr,  "^'"^  .    '.' 
£eiij.  Robins,   who  may  be  elleemed   tlie  IJiA  in  (his  careei,  a]a  b)c;icpea. 
M^iloyed  a   pendulum  (o  delerniine  the  Initial  velocity  ol  d"'""'' 
^fket  balU,   meafuring  i(  by  the  arc  of  ofcillalion.      He  lite-  "J  'h'-  r^eoll  of 
*ifc  meafured  tiie  recoil,  by  fufpending  llie  gun-bartel  from  LndiDMu"  " 
the  pendulum. 

Aboal  len  years  after,  the  Chev.  d'Arcy  publilhed  a  ferici  D'Arr)r  mide 
of  experiments  iu  the  memoirs  ol  the  French  Academy  oi      '.""^""' 
Sciences,  in  which  he  employed  two  pendulums  againft  one  pcnilnluuu, 
of  which  the  ball  was  projected,  while  ilie  oihcr,  lu  which  the 
jUD-bariel  was  fufpended,  ftrved  lo  meafure  the  recoil. 
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Or.Hottffli  with     Fifteen  years  after  (hit  Dr.  Hatlon  made  many  experiment 
caanon  balU.      ^j  Wbolwich  wilh  cannon  balTs  by  means  of  ihe  pendQlnin. 
Count  I^uiD-         Aboutfttie  year  1778,  Coant  Rumford  icnproyed  fhit  me. 
ford*^«  impfows-  iii^  toPlnal,  and  invented  a  very  fimple  method  of  fufpewfing- 

Hve  gfnn-barrel  fo  that  the  rec^oil'  took  place  without  the  txifl 

ceaiing  lo  be  horizontal. 
Pr.  Hatton^s         JL^(k\y,  Dr.  Hatton  refumed  thefubject,  and  made  a  iiuuibec 
^lS*"m*kte    ^^  experiments  from  1783  to  178^,  with  much  care,  and  at* 
oBthefabjca.  great  expenfc,  on  both  kind»  of  pcndofum.     Thefomaybe 

oonfidered  as  forming  the  mod  complete  and  inftni^iFC  treatife* 

we  have  on  experimental  ballifltcs. 
Antonrs  de-         We  have  not  mentioned  the  labours  of  Antoni,  bot  we  mnft 

^"°"  ^^hmcT  "***  J^'*  ^^^^  *  machine  defcribed  by  him  in  hit  eflky  on  gun- 
powder. This,  which  he  fays  was  invented  by  a  mecfaanicr 
named  Mathey,  confifts  of  a  horizontal  circle,  the  centre  of 
which  is  fupported  by  the  fuperior  extremity  of  a  vertical  axis, 
and  ferves  as  a  bafe  to  a  cylindrical  envelope  of  paper.  A" 
rpiatory  motion  is  given  to  this  cylinder  by  means  of  a  cord 
pafling  over  a  leading  pulley ;  and  the  projedtile  being  dif* 
charged  horizontally,  when  the  angular  velocity  of  the  machine 
is  uniform,  in  a  vertical  plane  in  which  the  axis  is  found,  pierces 
the  cylinder  in  two  points,  the  dillance  of  the  fecond  of  whicif 
fVom  the  diameter  palling  ihrough  the  fird  roeafures  the 
arc  defcribed  by  the  machine  during  tlte  paffage  of  the  pro* 
jeailfe. 

Col.  GrobcTt*8        The  machine  recently  invented  by  Col.  Grobert  is  con- 

newly  invented    fi^uaed  as  follows  : 
laACPinc  de- 
fcribed. A  horizontal  rotatory  axis  about  31  dec.  (1 1  feel]  long  carries 

Itconfifttoftwoat  each  extremity  a  pafleboard  dilk  perpendicular  to  it,  and 
p.fteb<>ard  di&s  j-^^^^^^j  ^^  j^  ^^  ^^^^  ^^^^  ^  j^^l^  ^^^^^  rapidly  without  de- 

revolving iwiftly  ,  r     rv-  r  •  r    . 

«c  the  extremi-  ranging  the  reipective  pontions  of  the  parts. 

tic$  of  an  hori-  ^  rotatory  motion  is  given  to  the  two  di(k«;  by  means  of  a 
weight  fufpended  to  the  end  of  a  cord,  which,  after  having 
paQed  over  a  pulley  ten  or  twelve  yards  from  the  ground,  is 
rolled  upon  a  wheel  and  axle  level  with  the  difks.  An  end« 
lefs  chain,  paflfing  round  the  wheel  and  the  rotator v  axis  of  the 
difks,  communicates  lo  this  axis  the  motion  which  the  weight 
in  its  defccnt  imparls  to  the  wheel. 

The  advantages  this  machine  poircfles  over  Mathey's  confifF 
in  the  horizontal  pofiiion  of  its  axis,  which  admits  ihe  utmuft 
degree  of  firmnefs  and  regularity  in  ihe  poulion  and  motion  of 

the 


VLOCITy   or  ■AOJCCTILIS,  ^ 

lbe<li(kt.:  in  ihe  prnjefiile  not  travelling  a  cylindrical  fuiracf,  Tlie  pnjcAiic  >■ 
Vt  two  vcfiical  plane*,  ihe  extent  and  diflaiice  of  wliicb  may  L'^  J^J^"*^b4 
be  ci>iiU<terublc,  and  ihut  give  very  accurate  tneafuies:  and  the  ro^iuon  pi«- 
i^  being  (.-apible,  whicb  no  other  apparatus  ii,  of  mealuritig  h^^f^^J^"^ 
the  velitcilies  ot  balU  of  diSetent  (izcs  projected  at  diflereat  nppofite  ihat  oa 
^vakioiu.  ''"  ^''  P*'**' 

,  All  that  i)  nccelTary  in  ufing  this  apparalus  ii  lo  give  a  uni-  Mcihodof  ufifi| 
ifita^Dii  knuwn  angular  velocity  lu  the  dilks;  aiid  to  tneafura '''< ''><i"»'>^'> 
life  arc  comprifed  between  two  planes  palling  ilicough  the  axJa 
«f  lJi«  dilk.  and  one  of  them  Ihruugli  the  liule  in  one  dilk,  the 
Other  through  ihe  hole  in  its  oppolile. 

In  ifie  yials  made,  lUe  motion  became  fenfibly  unifoim.  The  WecBi  of 
when  the  weight  arrived  neatly  in  the  middle  of  the  vertical  Miiht"b«om{i 
fgace  it  had  to  Iraverfe,   05  was  found  by  twice  meafuring  the  uiuionn. 
tines  of  the  third  and  fourth  quarters  ol  iha  defccnt.  and  aficr- 
wardi:  comparing  thefe  times  »ilh  Ihi;  currurponding  fpac«S 
pSir>!tl  through.     An  excellent  ftop-watth  by  Lewis  Berlhoudf 
■nd  another  by  Breguet,   were  ufnd  fur  lliis  purpofe. 

In  moAof  IheexperimenlE  Ihe  venical  fpacepalTed  through  TherpKcof 
n  and   parts  of  turns  „(jfi,„(i  by 


1  rueahired  by  the 


>und  off  ii 


fc/  the  weight 
of  the  cord  w 
■P  refpefli  mo 

fure  the  arc  a  fcreen,  1 
each  dilk,  a  very  little  dillanci 
firi]  di(k  being  brought  oppolile 
fijteet),  a  rod  carried  ttirough  the 


iinbcE  lit  fecond: 

■  pddeboard,  was  fised  before  Mfthod  of 
from  il,  and  the  hole  in  the  between  hn 
>  the  hole  in  its  correfponding  "n't  hole. 
centre  of  iliefe  two  lioles  and 


of  the  hole  in  the  other  fcreen  whicb  would  be  uppofitelhem, 
lufi  pierce  Ihe  leconddiik  in  the  planeof  the  bole  in  the  fit'ft  j 
■nd  the  arc  comprifed  between  this  point  and  the  centre  ot  the 
lule  in  the  failher  dilk  would  roealure  the  angle  defcribed  by 
ipparatus  while  the  ball  was  Lraverfing  tlic  length  of 
(be  axis. 

that  the  fixed  fcreenj,  which  give  the  abfolule  T«>d  fi.fd 
diir^ion  of  the  path  of  the  ball,  afford  Ihe  means  of  Ihewing  ,o'^t!,'j|oy  dj. 
Ibe  defeflof  parallelifm,  if  there  beany,  between  lhi<  path  and  teft  of  jnril- 

wi,ich.hcdiik.,..oi,=.  s';S'.'x 

.barrel  was  fixed  horizontally,  parallel  lo  the  axis  bail  aiui  die 
of  the  difks,  and  at  fuel,  a  diftance.  that  ihe  cnncuHion  of  ihe  ""- 
by  the  cxploAoo  could  nut  afTefi  ibe  molioa  of  the  neaieft 
k. 

S  Oi^e 


44  YKtOCITV    OF    PifojECTlteS*' 

The  dmc  Tap-        One  thing  may  naturally  fuggefi  ilfelf^  which  is,  (hmt  the' 

w  ritw  a^r.  ^^^^  ^^^^^  ^*"'*  P*^"8  from  one  di(k  to  the  other,  through  a 
iurable  aic.        fpaoe  of  three  or  four  yards,  muft  be  lefs  than  yi^  of  a  fecond; 
and  it  is  difficult  to  conceive,  that  in  fo  fhort  a  fpace  the  dift 
could  defcribe  an  arc  capable  of  being  meafnred. 
Putittfidnot         But  this  difiicuUy  is  eafily  folved  by  the  fad.     When  the' 
^-  motion  became  uniform,  the  wheel  and  axle  commonly  made 

0*833  of  a  turn  in  a  fecond ;  and  every  turn  of  the  wheel  pro- 
duced 7*875  turns  of  the  axis  of  the  difks,  which  confeqoentlj 
made  6*56  turns  in  a  liecond.    Thus  a  point  on  the  diik  three ' 
feet  from  the  axis  would  move  about  41  yards  in  a  fecond^^ 
and  in  ^^-^  of  a  fecond  -^^  of  a  yard,  or  nearly  I  j|  inches^  a 
length  more  than  fufiicient  for  the  mod  accurate  meafurement. 
The  fire-tnns        The  experiments  were  made  with  a  foldier^s  firelock  and  a ' 
tttperunentcd     horfeman's  carbine,  the  lengths  of  which  in  the  bore  were* 
3  f .  8  in.  and  2  f.  5  in.    The  balU  were  accurately  weighed, 
found  to  be  on  a  medium  382  grains  troy,  and  esfch  was  im* ' 
pelled  by  half  its  weight  of  powder. 
Tormuhfor  ciU     The  following  formula  was  employed  for  calcalating  the 
Jcchy"*    *  ^*'  velocity  of  the  balls.  "Putting »  for  the  femiperiphery,  when  ra- ' 
dius  is  unity  ==  3.  Ml ;  k  for  the  ratio  between  the  turns  made  ' 
by  the  wheel  and  axle  and  the  arbor  of  the  dilks ;  i  the  time  * 
employed  by  the  wheel  and  axle  to  make  a  number  of  tamt 
9i;  r  the  didance  of  the  hole  in  the  fecond  difk  from  the  centre}  * 
a  the  arc  defcribed  by  this  hole  while  the  ball  pafTes  from  one 
dilk  to  the  other;  b  the  di Ranee  between  the  difks;  and  V  ihf 
velocity  of  the  ball :  we  (hall  have  the  equation 

o  TT  n         r 

V=  ~.  —b. 

kt  a 

Mean  velocity         Tlie  mean  velocitv  deduced  from  ten  experiments  with  the 
«69*f"pcl"fcl:.  carbine  was  1269  feet  and  a  half  in  a  fecond  ;  that  from  the  ex- 
with  a  muflcct,   periinents  with  the  mulket,   1397  feet.     Thefe  being  in  the ' 
*397-  j-atio  of  11  to  10  nearly,  it  would  appear,  that  the  length  of 

the  foldiers's  firelock  might  be  reduced  without  much  diminifh* 
ing  its  range*:  but  there  are  other  circumftances  in  a  military 
view,  by  which  tiie  length  of  the  weapon  ufed  by  the  infantry  ' 
requires  to  be  regulated. 

•  The  difFcrenccf  of  the  range  arc  much  lefs  than  thofc  of  the 
velocity.    See  Dr,  HuitM, — T, 

The 
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«  coqinaiffioncrs  made  fome  experiments  willi  half  cliargi;*  W3th  I  of  pow- 
or  will)  (K>vrderonl)ito  the  quantity  of  one  fourili  of  ihe  weigh  t  gjii^g^ 
«f  llie  lull.     ]n  tliele  the  mean  velocilict  were,  for  the  fire- 
lock S2:^  feel,  for  Hie  caiLiiiie  H2'2i.     Thefe  velocities  Jd 
.^ipt  differ  fo  much  from  eacti  other,  and  confidt^rably  exceed 
^Ik  half  of  thofe  given  hj  the  full  charge,  which  may  be 

EA  chiedy  petliapK  to  liie  more  complete  liring  uf  the 
t  commUfioneci  were  deftrout  Ukewife  of  making  fome  Th»  rfiifliace 
mcnti  on  the  refillance  of  ihe  air  to  tiie  motion  of  the  jjid,°jiminlil»e* 
he  diameter  of  which  wai  from  13  to   l<i  miitemclTci  '^'^  veio.lty 
5  lines  to  6-2(i72.]     For  thii  purpofe  Ihe  rauulh  of  ijjc""'')''""'^''^ 
Ugu-bwrel,  which  at  dtd  wai  7  (.  9  la.  from  the  neareH  fixed 
P%«cn,  was  removed  in  the  diflance  of  67  f.  9  in.     In  Ihis 
^i(tnliDn  the  mean  velocJIy  of  the  molket-bail  wai  1 1'2T  f.  in. 
['^d  of  I39T.  fu  that  it  wai  diminiihed  neatly  in  the  ratio  of 
httio  Si.     The  expcriinents  of  (his  tiad  however  were  few 
Ifeaurabe.-. 

■ItT'hcre  i«  no  doubt  but  the  dimenflon*  of  Col.  GroberCi  Bp>  Th*  ippinrut 
Ffffalus  may  be  enlarged,  fo  as  to  adapt  it  lo  experiinenli  "'th  ",'gjj  ^ij^'',"j, 
caDDOD  balli ;  though  it  is  not  eafy  to  fay  without  trial  what  vinuge. 
dimendoni  would  be  compulible  willi  accuracy  of  experi- 
menl. 
|VTIte  Colonel  likewife  propofes  an  alteration  in  if,  for  inea-  Mod:  of  a<]>t>t- 
B^iiig  the  velocity  of  projediles  at  diffcicnt  elevations,  as  far  '"^^'' '"  ^  ~J^' 
^4^°.     The  following  ii  his  contrivance  for  (hiii  purpofe. 
Each  of  the  difks  has  a  feparale  axis.     The  wheel  and  axle 
hat  a  wheel  at  each  end,  wiih  an  cndlefs  chain,  one  turning 
the  arbor  of  one  dilk,  the  other  that  of  the  other,     Thu4  the 
lotalory  roolion  imparled  by  the  dcfcending  weight  is  com- 
municated equally  to  hulh  dilks  at  ihe  fame  lime,  Ihe  wheels 
and  arbors  being  made  exafily  of  correfponding  dimenliuns. 
The  Hand  of  the  dilk  fartheA  from  the  gun  is  moveable  in  a 
vertical  diroSion,  fo  that  it  may  be  raifed  to  Ihe  neuedJry 
elevation;  a  few  links  being  added  to  Ihe  endla(«  chain  for 
•very  different  height.    As  the  dilk  is  railed  indeed,  it  be- 
comes inclined  lo  Ihe  path  of  Ihe  ball  j  but  as  ihe  grcaleA 
diminution  that  can  lake  place  in  this  way  is  in  Ihe  ratio  of 
t  7  to  j,  a  fufficient  field  is  Dili  left  for  pointing  witli 


To 
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AAKdonif  mt-  To  {^rdVetit  any  miftake  from  want  of  attention  in  the  peribns 
chiiMty  far  einploved.  Col.  Grobcrt  has  added  certain  pieces  of  mcchamfai 
to  his  apparatus,  by  means  of  which  the  weighty  when  it  hat 


del'cended  to  a  certain  point,  puts  in  motion  a  fecohd  pendu* 
lum  to  count  the  time,  and  a  fyflem  of  wheds  and  pinions 
connected  with  the  wheel  and  axle  to  indicate  the  toumber  of 
turns  made  by  it.  By  (imilar  contrivances  it  difcharges  the  gun^ 
and  flops  the  pendulum  and  ihe  counter  of  the  turns  at  tb« 
proper  time,     Thefe  may  occafionally  be  of  ufe,  bot  compU. 
cated  machinery  is  always  liable  to  get  out  of  orderi  and  it 
may  be  difpenfed  with  here,  if  the  obfervers  be  eter  fo  little 
expert  and  attentive. 
The  motion  of       It  might  be  fufpeded,  that  the  motion  of  the  firft  di&  woold 
**«  ^*ff  A***^'     caufc  fome  deflexion  of  the  ball   from  its  true  path  before  it 
Mth  of  the  ball,  reached  the  fecond.  To  afccrlain  ihis,  three  fcreens  were  fixed 
at  equal  difiances,  the  fecond  and  third  being  |dac^  before  tbe 
fir (l  and  fecond  dilks  relpedively.    Now  it  is  obvious,  that  ihb 
hole  in  the  third  fcreen  would  not  be  in  the  fame  vertical  plane 
with  thofe  made  in  the  firft  and  fecond,  if  any  deviation  took 
place. 
Expcn'msnul         A  baU  being  fired  through  the  apparatus  thus  arrangedf  a 
proof*  plumb  line  was  fufpended  before  the  centre  of  the  hole  in  tbe 

iirfl  fcreen,  and  the  mofl  accurate  obfervation  could  not  dif- 
cover  any  deviation,  but  that  tlie  fame  line  cat  the  centres  of 
all  the  three  holes.  This  experiment  was  feveral  timet  re^ 
pcated  with  the  fame  event. 
This  owing  to  The  fa6l  no  doubt  is,  that  the  extreme  (hortoefs  of  the  tine^ 
the  velocity.  (for  the  femldiameter  of  ihc  ball  is  not  the  forty  thoufandth  part 
of  a  fecond  paOing  the  dilk)  does  not  allow  the  difk  fenfibly  to 
a£fe£l  the  path  of  the  ball ;  much  iefs  can  the  ball  hava  any 
efTedl  on  the  motion  of  the  diik* 

It  may  not  be  amifs  to  obferve,  thai  tbe  diflance  of  the  far* 
thefl  fcreen  being  about  twelve  yards  only,  the  inflexions  ob- 
ferved  by  Robins  in  diflances  of  a  hundred  yards  were  not  likely 
to  take  place. 
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1  qf  Steam  into  the  Air, 


OOON  after  Mr.  Giddy  had  mentioned  lo  me  tlie  very  re.  Sw»m  wo  ni. 

sarkabk  and  carious  {iA%  of  which  an  account  ii  given  al  ,  ,ut|^*^ 

page  I  of  the  prerent  Number,  I  was  «n»aged  in  ihc  eitperU 

mtnti  on  (he  iimniering  of  vraler  related  at  p.  2 1  (i  of  Vol.  X, 

1  Iben  m«j«  an  experiment  which  may  perhaps  in  a  fmall  degree 

elucidate   tliofe  phenimuna.     A  fraall   glafs   tube   was   (tuA 

through  a  cork,  and  this  w:is  then  prelFed  into  ihe  neck  of  the 

fefori  in  which  water  was  boiling  over  the  lamp.  The  fleam  wai 

emitted  through  this  fmaller  aperture  in  a  vifibic  jet  of  uptv^rde 

of  8  foot  in  length.     But  when  a  candle  was  held  with  it 

Bame  immediately  beneath  the  end  of  Ihe  lube,  (he  jet  becam 

perfeaiy  invifiWc.     To  determine  whether  (he  water  might  'fl.n.Vo7. 

be  decompofed,  or  Ihe  fleam  fimply  expanded  fo  far  as  to  be"°^'*' 

abf'jtbed  by  (he  air,  or  if  condenled  lo  form  a  vapmir  too  thin 

lo  be  perceived,  I  futTered  the  hot  invifible  current  which  had 

paired  through  thecandle,  topafsthrooghalargergbfstubc,  !n  buttlie  fleam 

this  cafe  vifible  fteam  ifTued  plentifully  from  Ihe  tarllier  end  :  '*^J^  '''*°"* 

Hence,  t  am  drfpoft'd  lo  judge  thai  the  large  tube  ha»ing  kepi 

the  very  hot  fleam  together  and  cooled  it  fo  a^  (o  render  it 

vilible  again,   ibere  was  little  if  any  decompolttion  of  (he 

water.     Bu(  at  (he  fame  time,  when  we  conlider  the  difap-  Pcifupjfnme 

pearance  of  (he  denCe  fmake  in  Mr.  Giddy '«  experiment,  iliere  P"'_™.''''"»5 

feemi  to  be  great  reafon  lo  think  that  the  diatcoal  wai  oxi- 

fenaled  and  gaaficd.    If  fo,  the  produfls  mufl  have  been  e\. 

panded  and  invlfible  fleami  hidrogen  and  caibonic-  acid.     By 

collecting  Ihc  produfli  in  an  experiment  of  thi<i  kind,  Ihcfe 

conjeflures  will  either  be  vetilicd  or  refuted.     If  Ihe  former, 

we  Ihall  have  (lie  dccompofition  of  ivalvr  and  oxigenalion  of 

carbon  ■(  a  lower  temperature  than  has  hilherlo  been  Ihewn  ot 

CKpeded, 


,  vitihie  oticn  it 
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XL 

ErperimaUs  made  vfkh  the  Water  bUnoii^  Aiackiaes  of  the  Iran 
Works  of  Poultaoucn :  by  Citizem  Eeavhieml  aitd  Galloji  0 
Mine- Engineers  *. 

ne  experf-      OuR  objea  was  to  aicertain  th6  diflferencel  in  denfity  of 

ftewthe  eflfeds  ^"^  *>'  Within  «  Uowmg  iBBcbine,  under  the  vanoas  circam- 

of  a  blowing      Qances  bj  which  it  might  be  aflfeded;  and  at  the  fane  time^ 

"^  '°^'  we  endeavoured  lo  find  what  may  be  the  mufi  advantageous 

mode  of  conftru£Ung  the  machine,  to  produce  the  greateft 

efled  with  the  lead  expenditure  of  water. 

Former  accoonts  .  One  of  the  chief  caufes  of  the  doubts  that  hate  arifen  re- 

iteubfcuit.       fpeding  the  fuppreffion  or  retaining  of  certain  arrangements 

in  the  con(lru6lion,  was  the  omitting  to  dcfcribe  the  machtnet, 

the  experiments  with  which  have  been  compared*    We  (h^ 

therefore  previoufly  notice  (he  principal  diftinAions  that  may 

l^  made  between  thefe  machines,  from  the  manner  in  which 

their  effeGt  is  produced. 

Two  kinds  of        ^^»  Lewis  obferves,  that  there  are  two  general  methods  of 

water  blowing    caufing  the  air  to  be  conveyed  by  the  water  in  the  blowing 

dr'isrcceived     machines.     In  the  firfl^  the  water  receives  the  air  by  the 

at  top,  or  from  fummit  of  the  machine:  in  the  fecond  it  receive^  it  by  lateral 

apertures :   and  he  lays  it  down  as  a  principle,  that  tho(e 

circumflances,  which  promote  the  efie£l  in  the  one  cafe,  are 

detrimental  to  it  in  the  other. 

General  ob-  ^®  obferved  further,  that  if  the  water  be  at  reft  in  the 

fervations  of     funnel  of  the  machine,  (fee  Plate  IIL  Fig.  2.)  and  afterward 

Dr.  Lewis.        ^^^^^  liberty  to  run  off,  it  carries  little  or  no  air  with  it :  that 

The  engine  is      .  ^  ,         ,  ' 

an  upright  pipe  if  the  water  have  a  gyratory  motion  in  the  funnel,  it  carries 

through  which  j^,^„  3  confiderable  quantity ;  and  that  if  it  fall  from  a  cer- 

water  and  air     tain  height,  fo  as  to  have  been  greatly  divided,  it  carries  fHU 

defceoded.         more:    that  if  the  water  flow  through  a  pipe  with  lateral 

apertures,  it  receives  air  through  thefe  apertures,  even  when 

its  motion  is  (low:  that  if  the  pipe  be  of  equal  diameter 

throughout,  the  quantity  of  air  thus  received  is  inconliderable ; 

Lateral  apertures  but  if  the  diameter  be  diminKhed  to  a  certain  degree  at  the 

preferable  for     ^^^^  where  the  apertures  are  made,    the  quantity  of  air  is 

;t\t,  greater  than  could  have  been  introduced  througii  the  funnel 

*  Tjranflaud  from  the  Jouinal  des  Mines>  Vo,  91. 

without 


Vrilhdut  any  lateral  opt'ningi  lo  [he  air:  Uflly  Ke  obfervet; 
thai  air  conveyed  dnwuwatd  from  the  lop  at  Ihe  lube,  or  (he 
funnel,  (irevcnls  Ihe  iiilruduClum  of  Itin  Irrlli  air  by  (lie  blcral 
■pcrtnrut,  which  m  thii  »(«,  inflcarl  of  receiving  mure  air. 
Id  thai  WhicA  hai  bern  nlreaily  inlroducod  cfcjpe. 

Lcwi«  ivndudct,  ihat  ihe  Iwu  mcMhodi  by  i«hich  air  may 
lie  made  lo  defecnd  with  a  llrcam  o(  ivaler,  ougjht  not  to 
be  uni((»l  in  une  mai-'hine ;  aoil  that  lite  machine  conflcuded 
with  a  pipc^,  a  luniiel,  unci  ain'ilure*  lo  let  ilia  air  rnier 
atound  of   below  ibe  liiroal,    producei  the  mol)    poweilul 

The  machine  on  which  we  mnde  oiir  rxpertaenls  wa*  of  The  mscWne  el 
Ihe  contlruclion  whiili  Dr.  Lewi»  has  di-^rmcU  mtili  advaniagti-  ^J'^"^';'?"'"  ^'' 
0U1.     S«!  Fig  2. 

The  hdght  of  llie  lull,  taken  (turn  the  boltoni  uf  ihR  cliannet  Hn^ht  af  thi 
Ihai  conveys  die  water  to  lh«  upper  part  ul*  th«  Lairel  B,  it  '*"' 
21  feel  fi  inches. 

The  height  u(  ihe  funnel,    from  Ihe  bollnni  of  ihe  lama  Fu'incitrtof 
channel  lo  llie  iliioal  jc,  Ik  fcven  teet.     Thii  turnel  it  of  the  ""'^  <  f <' 
liape  ot  a  iVunum  tf  an  invtried  tiine,  ihc  larjjcr  dioiuelrr 
of  which  it  1 2  incho,  the  fmallet  luur.     The  rtmainder  oF 
the  lube  down  lu  lh«  bancl,  ii  a  cylin(]er  eight  incliei  lo 
dianteieN 

Th«  ptknk  K,  12  or  J3  tndiea  wii!^,  ii  Si\ed  one  foot  u.rcinriif 
bdlow  the  bead  of  the  bdrrL-l.     The  barrel  iibx  twi  high.  ■•■  "•  ""'- 

The  Mfticr  ilTuei  out  of  ilic  barrel  by  the  triangular  a penurm  Thr-v-  .  Rdw* 
I  I  (,  and  u  CQiive)Ld  away  lo  a  drain  by  the  chapqel  M,  the  "^  bcnt.ii, , 
jroltoro  of  which  is  four  Icel  lirglicr  than  that  uf  ihebairel. 

The  All  compicired  by  ihe  ejiteniai  waliir,    the  level  of  ind  tho  lir  ii 
which,  R)  will  foiiij  ije  provcit,  is  from  27  lo  M  inthes  above  "■i^'^vH 
that  of  ihc  wBiKr  in  the  barrel,  elcapen  ihrouj;h  ihe  lube  P,  „  ,oj,_ 
which  i«  a  hoiluw  cylinder  live  inihcs  in  diaiaeter. 

This  tube  P,  calicj  alfu  the  air-pipe,  terminale*  in  a  conical  Arr  hstti  rn  iIm 
nozzle,  having  an  aperture  ol  two  inches  only.  upi.gliip.pe. 

Immedialely  below  ihe  tbroal  x,  are  four  atr-holet^  jf. 

Tliit  being  pn^mifed,  wc  proceed  to  the  inArument  em- 
ployed by  Hi  fur  determiniog  (he  den&ly  of  the  air  in  the 
nachine*. 

ll  wai    invented  by  Ciilsen  Vcrgnici    fiouifchtire,    pto-Ci^tinr 
prielw  of,  the  iron  works  al  Vik.*- DelFoi,    in  the  ciilevani  acrfinaf tba 
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^oaMy  of  Foix,  and  is  a  pMrticular  kind  of  baromatar,  U» 
which  the  namo  t(  water  aoemoiBeler  has  been  given.  Sm 
Fig.  6.' 
It U a &ort Im*  It  it  oompofed,  ift.  of  a  Cjflieder  A;  5M«  of  a  lobe  ^ 
i!^fe^,^  ^^  twice,  the  lower  cxtrem'ity  of  fi^hick  it  fiigbtly  conical^ 
fluid  beins  «nd  termtnateit  about  two  inchet  below  the  bottom  of  |he 
^'^*  c^rlinder ;  Sd.  of  a  graduated  tube  d  iafert^d  ia  «  vertical 

j^fitioa  into  the  cylinder,  and  reaching  b«lf»w  tbfi  Ifiv^.H 
nf  the  water  contained  ia  it.     . 
.  The  lube  c  being  tniierted  into  an  auger  hole  pniide  ia  tha 
fide  of  the  blowing  machine,  and  (lopping  that  hole  cl^fely^ 
\  the  .internal  comprefled  air  communicates  with  the  waler  con- 

tained in  the  anemometer,  predes  upon  it,  and  ia  prapiortioii 
to  its  denfity  ratfes  to  a  left  or  greater  height  in  the  gr^duateci 
tube. 
'-  The  cylinder  A  and  the  tabe  c  are  of  tin.  The  Ipwer  pait 
of  the  tube  d  to  the  height  of  nine  inches  is  qf  the  fam^  ma« 
-  fterial,  to  which  if  fitted  a  glafs  tube  about  3$  inch^  long. 
•  •  The  cylinder  A  is  four  inches  high  and  as  many  in  di^metarn 
The  greateft  diameter  of  the  curved  tube  itb^f  .an  iiich,  tbi^ 
fmalleft,  at  the  extremityy  a  third  of  an  ioch.  Oa  ob&rving 
however,  that  the  fixe  of  this  opening  contributed  lo  inereal^ 
tlie  extent  of  the  ofcillalioos  in  tiie  giaduated  tube^  we  enn 
deavoured  to  dimiuifli  it  as  much  as  poflibie.  For  this  porpofe 
we  dofed  the  iower  part  of  the  tube  c  with  fealing  was,  ia 
which  we  afterward  made  a  very  (mail  aperture  by  paffing  a 
beated  needia  through  if« 

The  tube  d  was  divided  by  a  fcale  of  incheSf  boginniag 
firom  the  for&ce  of  the  water  contained  in  the  cylinder  *• 

ACCOUNT    OP    THE    tXPEa  ftf  BNTS, 

Experimenti       I.  Expcrments  relative  to  the  Erpendilure  qf  WaUr,  and  thi 

The  blowing  machine  No.  1^  fee  the  horizontal  proj(e6!i<5n. 
Fig.  J  •  to  which  for  the  fake  of  clearntfs  we  fiiall  refer  our 
di^erent  experiments,  ferved  for  the  trial.  It  was  placed  in 
a  T,  oppofite  the  machine  No.  2,  deflihed  for  the  fame  pur- 

*  The  ^cat  difference  between  the  diameter  of  the  tu^  ^/,  and 
Hf  that  of  the  cylinder  A  allows  the  level  ;r  to  be  confidcred  at  (Km- 

,  ftant/  •  '  ^   ■  •' 

po(e. 
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pofc.  The  afflax  of  water  iolo  each  wss  regulated  by  mean) 
of  the  batches  a  and  6,  and  the  diftani  floodgate  Q,  pUc«d 
in  (he  principal  channel  D.     See  the  plan  Fig.  I .  Plate    . 

The  anemomeler  was  placed  in  o.  Fig.  2,  in  ihe  direflion 
orihe  vertical  tube  P  proCraaed.  Tiie  hatch  placed  in  b  wai 
let  down,  fo  ai  to  prevent  ihe  palTage  of  the  water  that  w^y. 
The  hatch  placed  in  a  was  raifed,  and  the  flow  of  water  re* 
gutated  by  means  of  (he  floodgate  Q.  This  flow  we  varied, 
till  we  found  the  water  in  the  graduated  tube  ratted  as  high 
as  could  be  ef1«ded  without  any  other  change  of  circumllance.  ' 

Wlien  we  were  certain  we  had  attained  ihii  point,  and  that 
no  variation  in  the  quantity  of  water  flowing  ofl"  took  place, 
we  made  the  following  oblervationj. 

I. Tbemean  depth  of  the  water  in  C,  in  ihe  little  channel,  Obfcnulgra. 
jafl  before  the  T,  was  I  j  inches  6  lines. 

2.  The  mean  depth  of  the  water  in  the  great  channel,  was 
13  inches  9  lines. 

S.  The  water  rofe  to  36  inches  in  the  graduated  tube.  The 
ofcillations  varied  between  lb  and  27  inches,  but  feldom 
reached  the  latter  height. 

4.  The  velocity  of  the  water  in  the  great  channel  having 
been  obferved,  the  following  data  were  obtained. 

Examined  by  means  of  limple  floaters  of  paper,  on  an 
extent  of  24  feel,  we  had, 

1ft.  The  fpace  paffed  through  in  two  minutes  =  SI  feed 
8  inches,  6  lines. 

2d.  The  fpace  palTed  through  in  four  minutes  =:  120  feet, 
fi  inches. 

The  fame  velocity  examined  with  cork  floats,  fupporting  Meihxt  ormcW 
little  balls  of  wax,  the  weight  of  which  was  augmented  by  ^^;^e^"'^  ^ 
bits  of  lead,  fo  that  they  fwam  in  the  middle  of  the  dream  wmt. 
with  a  gravity  little  exi^ceding  that  of  water,  we  had  for  a 
mean  of  the  fpace  pafled  in  two  minutes,  63  feet,  7  inches, 
4  lines. 

If  we  compare  tltefe  dlfTerent  refult!!,  we  fliall  find,  that 
Ihe  mean  velocity  of  Ihe  water  may  be  eflimated  at  30  feel, 
1 1  inches,  1  line,  a  minute  :  bat  as  i(  appears  to  u<,  that  tha 
refulti  afforded  by  the  cork  floats  mufl  approach  nearefl  the 
truth,  we  will  pay  no  regard  to  the  quantities  before  obtained, 
uxi  cllimate  the  mean  velocity  of  (he  water  in  ibe  greater 
chsnnet,  %\  31  feeli  9  inches,  8  lines,  a  miniile< 

E2  Now 
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Confamption  of     Now  the  breadth  of  the  channel  employed  is  3  feet/  ^ 
^^^^'  tnches^  and  we  obferved,    that  the  current,  the  velocity  of 

which  we  have  giveiv,  is  18  inches  9  lines  deep.  Hence  we 
fbay  conclude,  that  the  coniumption  of  water  by  the  ma- 
chine, under  ibe  circumftances  above  mentioned,  is  173- 
cubic  feet  in  a  minute,  the  height  of  the  column  of  water  in 
the  indrument  being  26  inches. 
Qotntity  of  air  •  From  the  method  defcribed  in  the  Hydrodynamtci  of  Bofltit, 
emitted.  ^^  calculated  the  quantity  of  air  which  this  mafi  of  water 

Caufes  to  ilTue  from  the  machine  in  a  given  time.  This 
quantity  of  air  was  found  to  be  7.35  cubic  feet  in  a'fecond, 
or  441  in  minute  *. 

-l  Ilf  Experiments  on  the  Effcdi  of  the  Atr-HoUs.  ^  . 

Effed  of  the         I.  On  Hopping  the  four  airholes,  the  water  in  the  tabe  of 

SJncd^b  *^**- "  ^ '**ft«'^ro^*  deicended  to  nine  inches,  and  oTciilatod  very 
feriment.  little.    The  effiux  of  the  water  from  the  machine  acquired  a 

veloctty  fulHcient  to  diminilh  the  depth  of  the  water  in  the  little 
channel  C*  Fig.  1  aiid  2>  near  the  T,  fix  inches. 

2.  One  of  the  air-holes  being  opened^  the  water  id  the 
lube-  bfcillated  between  22  and  24  inches.  Ttie  meant  =:  23 
inches.         •         i    ■  I 

3.  A  fecond  air-hole  being  ppened,  the  mean  height  of  tbe 
water  in  the  tube  was  25  inches. 

4.  A  third  air-hole  being  opened,  the  columns  of  water  in 
tbe  tube  rofe  to  its  former  height  of  26  inches. 

-  5.  The  fourth  hole  being  opened,  no  perceptible  altera- 
tion in  the  indrument  took  place,  which  proves,  that  this  bole 
bas  no  effect  on  the  machine. 

1 

III.  Experiments  on  the  Uje  of  O'Ufds  placed  at  the  fupcrior 

Orifice  of  the  Machine. 

ther  croTs  '     Some  iron-maflers  are  accuflomed  to  place  two  round  bars 
bars  in  the  top   in  the  form  of  a  crofs  at  the  upper  orifice  of  the  funnel  of  the 

ofthctubcbe  machine.  Thele  they  imagine  increafe  the  cffea  of  the 
advantageous.  j  a  .      /•  n 

machine  by  dividmg  the  water  at  the  moment  of  its  fall. 

Cylindrica!  beU  *  ^^  ^^^^"^  refults  be  compared  with  thofe  of  the  cylindrical  bel- 
lows of  Namur  lows  of  the  country  of  Namur,  defcribed  by  Cit.  Bailbet,  in  No.  16, 
give  more  air  gf  ^h^  Journal  des  Mines,  it  will  appear,  that,  to  give  out  an  equal 
witb  kit  water,  ^g^tity  of  air,  the  quantity  of  water  expended  by  the  blowing 

machines,  with  a  fall  more  than  twice  its  height,  is  nearly  double 

that  employed  to  move  the  cylindrical  bellows. 

To 
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To  judge  of  Ihis  in  Ihe  cafe  before  us,  we  filled  in  one* 
o/lhelecrofTcs,  all  the  other  circuroftances  remaining  asabove^ 
and  thfii  obfcrvi-d  Ihe  progrefs  of  the  inftrumenf. 

The  column  of  water  in  the  tube  frequently  defcended  tOTheydiminlfli 
24  inc?hes,  and  feldom  rofe  to  26:   whence  we  may  eftiraate^  *^"^^* 
the  mean  height,  which  before  was  26  inches,  only  2I|^  • 

Now  this  dilFcrence  occafions  a  diminution  of  velocity  in 
the  effl.ix  of  the'air,  and  confequently  (hews  the  faultinefs  of 
this  method  under  the  circumftances  here  mentioned, 

IV.  Experiments  on  the  Effe6t  of  Hatches  placed  near  tfie  Orifice 

oj  the  Machine. 

The  halch  a  Fig,  1.  was  replaced  in  the  grooves  adapted  ^^^'f^j'^^jj 
to  the  channel.     We  altered  its  height  from  the  bottom  of  the  jnij J|j  ^^^j,,^^ 
channel,   obfervtng  the  movements  of   the  anemometer,    in 
order  to  find  the  poHtion  mod  favourable  for  the  effed  of  tbtt 
iach..ne. 

The  mean  height  of  the  column  of  water  in  the  tube  never 
exceeded  28  inches,  the  elevation  of  the  lower  part  of  the 
batch  above  the  bottom  of  the  channel,  being  then  five  inches 
one  line;  and  it  is  remarkable,  that  the  difference  of  a  fingle 
line  in  this  elevation  lowered  the  water  in  the  tube  coniider* 
ably, 

V.  Experiments  on  the  Crojpis  tvlien  the  Hatch  is  ufed. 

The  hatch  being  placed  as  has  jud  been  faid,  we  fitted  the  When  tKusre- 
crofs  again  at  the  fuperior  aperture  of  the  funnel,  when  the*  '^ 
water  in  the  tub^  of  tlie  anemometer  funk.  We  then  varied 
the  height  of  the  hatch  above  the  bottom  of  the  channel^ 
obferving  the  progrcfs  oi  the  infirument,  to  determine  the 
mod  advantageous  pofilion  for  it  under  the  prefent  circum- 
(lances. 

The  elevation  of  five  imhcs  eight  lines  was  now  found  The  croft  pro- 
Ihe  moft  favourable  to  the  effea.     With  this  the  water  ofcil."***^®^."*^  **'•/ 
lated  in  the  tube  between  28  and  30  inche<,  mod  frequently 
peaching  the  latter  height,  which  we  could  never  br\og  it  to 
exceed,  whatever  changes  we  made  in  the  arrangement  of 
the  parts  that  compofe  the  machine,  •, 

If  we  compare  the  fituation  of  the  hatch  before  the.^ddition  ^^^  eipenW 
pf  the  crofs,   with  (hat  which  is  mod-  fuitable  in  the  caljp  « 
|;iefore  us^  we  find  an  increafe  of  feven  line)  in  (he  height 

2  from 
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from  Ae  bottoin  of  the  channel:  now  tl|is  addiCion  t5  the 
height  confiderably  increafet  the  quantity  of  water  expended 
by  the  machine. 

ConcUifipm  from  thejb  ExperimaiU* 

General  cimcla.  (A.)  Under  the  circamftancet  related  hi  the  firft  iet  of 
iiom.    The      experiments. 

engine  by  173  •« 

cobx  feet  fall-  1  •  The  expenditure  of  water  for  the  blowing  machino 
Ing  through  %i  ^^jj^  which  they  were  made  wa«  173  cubic  feet  in  a  minote. 

feet»  drove  out        ^  — *•        •  .       .   ^  •  ^1  ■       1    . 

441  cubic  ieec  ^*  The  air  emitted  from  Ihe  aperture  of  toe  nozde,  beingr 
of  air  in  a         (wo  inches  in  diameter,  when  the  anemometer  was  at  26 

minute*  vnder  t.,  ...       L-r*- 

prefliireor*  26     in<'he$,  was  441  cubic  feet  in  a  minute. 

tachci  of  wieer  (B.)  Of  the  four  air-holes  in  the  machine^  three  only  con- 
S^  Ttr.  ^"^^^^  to  the  effea  produced. 

ffory  I  which  ii.,  (C. )  The  hatch  placed  near  the  orifice  of  the  machine  im 
"J^"'^  "^^  creafed  its  eWe^,  when  the  lower  part  of  it  was  raifed  five 
inch.  inches  one  line  above  the  bottom  of  the  channel  to  which  it 

was  fitted. 

(D.)  A  crofs  placed  at  the  upper  orifice  of  the  machine 
diminilhes  its  eflfed  when  the  hatch  is  taken  away  t  on  the 
contrary  they  increafe  it,  if  the  hatch  be  fo  placed,  mt  to  bo 
Ave  inches  eight  lines  above  the  bottom  of  the  chentiel,  an 
elevation  greater  than  that  mentioned  in  the  precedin^^ 
paragraph  (C.)  and  which  increafes  the  expenditure  of 
water. 

From  (hefe  nefulfs  it  may  be  inferred,  that  the  crofs  (hould 
not  be  ufed  in  feveral  cafes,  where  the  quantity  of  water  with 
which  the  machine  is  fppplied,  is  confined  within  certain 
limits. 


•*■*■ 


ANNOTATION.    W.N. 

The  W4ter  blow-  The  blowing  engine  defcribed  in  the  preceding  memoir 
/^»h"**"*i .  a6ls  upon  the  principle  of  the  lateral  adhefion  of  fiuids,  upon 
cd.  which  Venturi  has  fo  ably  written,  in  a  treatife  given  entire 

in  our  Quarto  Series  of  this  Journal,  and  feparately  pobliihed 
afterwards  by  Taylor  in  Holbom.  The  Hiower  of  water  in 
its  defcent  through  the  vertical  pipe  carries  down  a  mafs  of  air 
along  with  it,  in  the  fame  manner  as  a  (hower  of  rain  on  the 
flat  furface  of  the  fea  produces  that  temporary  blaft  of  wind, 

3  which 
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which  ftnintn  lerm  a  fquall.  and  it  rufGdcnlly  violent  lo  carry 
4way  the  mitlli  of  a  (hip,  if  ibe  fait*  be  not  tfduced  in  time. 

Il  it  evident  that  this  engine  poflWres  Ihe  defireable qualitiet 
M  cheapnef*  and  finiplitilj';  and  Lewi!  wliii  hai  written 
fomewliai  tol'y  upon  it,  in  his  Philofopliical  Commerce  of 
Am,  from  CKperiflienu  nf  his  own,  alTerlB,  that  If  recjuires 
much  lef*  water  fur  working  il  ihan  any  ulbec  kind  of  bellowt 
in  life.  I  have  no  doubt  bnt  that  a\»uy  occafiuns  mull  olfer 
in  which  it  would  be  henr'fii.'jal ;  but  wlicllier  ilt  expence  of 
water  be  cumparalivdi  fmall,  and  its  power  in  any  cafe 
equal  lu  the  Tupply  of  our  (in<.'Iling  furnaces,  may  be  deferving 
of  more  enquirj-. 

In  the  excellent  paper  of  Mr.  Roebuck  on  the  Devon  iron  NunifTJcal 
wo(k»,  infr-rled  in  ihe  filih  Volume  (.1  the  Edinburgh  Trant.  ^^R^buVk 
•flions  and   alfo  in   the  Quarto  Series  of  Ihit  Journal,  there  o[  the  iffc£t  at  a 
are  fome  numerical  {a&s  refpeaing  the  blail  afTorded   to  iron  ^n-*^"*'"^]  * 
ftrnacei  by  iron  cylinder  bellews  worked  by  the  Aeam  engine  ;  of  u,, 
and  as  they  a^'ree  very  well  wilh  oilier?  given  in  rry. Chemical 
DiaininrT,    under   Ihe  article  Trompe,    I  will  Hale  them   in 
thi>  place.     Mr.  Boebuik  aliirniii,  that  ooe  iron  furnace  wat 
excited  by  a  blowing  cylinder,  wl)ii:h  gave  \ba  cubic  feel  of 
air  16  limes  per  ininuie,  which  numberi  give  a  produd  of 
34.80  cubic  leel.     Thii  ia  i{  time«  the  qiianlity  emitted  by  the 
blowing  engine  in  Ihe  text.     The  Hcam  engine  was  elliinaied 
to  aa  by  a  pretTure  i.f  13062  lbs.  anUvering  to  2{  lb*,  od  ihe 
fquare  inch  of  the  air  pillun,  and  thit  multiplied  by  four  feet 
eight  raches,  the  length  of  Aroke,  and  by  16,  ihe  number  of 
ilroket,  give*  ^T^iPti/ur  the  weight  ttiuliipiied  by  jU  fall  in  feet. 

Now  the  machine   in   Ihe   text  wai  woiked  by  173  cubic  tomputJwiih 
feet,  or  10812  lb«.  of  waler   falling   through  SI    fi?el,  which  |^g  rn^'ne'!''^' 
(jive*  a  proriucl  of  2'2T052,  or  more  than  one  fourth  of  the 
fxd  mover  of  ihe  lleam  engine  blafi,  liillead  of  one  6rth  and  a 
half.     The  blowing  engine  therefore  confumed  more  water  by 
one   Coutlh   llion   would   hdve  been   required   lo   produce   tU 
eflefl.    according  In  what  wai  done    hy  the  Ream  engine 
But  the  (Ivani  engine  drove  out  iu  air  under  a  leafilon  of 
bctiveen  five  and  (ix  Jnchcji  of  mercury  In  (he  gage;  avelucily 
-which  being  more  than   Mr.  Koubuck   found  nccefTar^,  was 
a   difadvanUgeoiu  waftc  of  power.      The  vetnciiy  of  iheTh»fl«t« 
water  blowing  engine  produced  by  its  prefTure  t-f  two  Inches,  1^" 
~  jt  molt  probably  too  fiiiall;  end  if  lij,  the  puliiplicaiiun  of 

the<« 
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thefe  engines  would  not  be  advifeable,  even  if  Lewis  had 
been  in  the  ri^^ht  in  fappoiing  (bem  to  fave  water.  Thefe 
rough  computations,  or  rather  cflimatetf  are  fufliciently  near 
for  data  fo  loufe  a^  tiiufe  upon  which  we  have  operated ;  and 
tbey  appear  to  ibew  thai  the  principal»  and  perhaps  the  onlj 
recoiuoiendaiion  of  (he  water  engines  is,  that  many  of  them 
may  be  made  and  applied  at  a  froall  charge,  in  (ituationi 
where  water  wiih  a  proper  fail  i$  plentifully  to  be  bad* 


Xll. 

^  Method  qf  renderins^  the  long  and  Jhort  Fibrations  qf  a 
Balance,  governed  bj^  a  Jpiral  Sp^^iug,  precijhly  eyual  in 
Duration,  Bj/  Mr,  Chailles  Young.  Jn  a  Letter  Jran 
the  Inventor* 

To  Mr.  NICHOLSON. 
SIR, 

Ko f xHanst'on   1  HAVE  lately  tried  many  experiments  upon  fprings,  with 
h,i;  bf( n  g.ven    g  ^ j^^  |q  obtain  fome  knowledge  of  the  caufes  which  eovem 

whv  thr  I  ng  °  ^ 

and  ihorc  v;bra-  ^n  rflfod  that  is  very  troubleforoe  to  all  roaken  of  chronome* 

tions  of  a  ba-     i^f, .  namely,  that  the  vibrations  of  the  balance  through  Ihort 

^;,  arc9,  confining  of  perhaps  ninety  degrees,  are  in  fome  in* 

i^ruments  performed  in  longer^  and  in  others  in  (horter  times 

than  thofe  long  arcs,  fuch  as  of  four  hundred.     It  is  certain 

that    no    (atisfadory    reafons    have   been   given,   either  in 

England  or  in  France,  to  (how  how  this  irregularity  is  pro* 

duced. 

A  balance  fuf-        ^  made  a  piece  of  brafs  to  fcrve  as  a  large  watch  balance, 

pend.d  by  a        and  (ivfpendcd  it  by  a  bit  of  fpring  wire,  on  which  it  could 

ftrait  wMc  had     vibfaie  as  an  axis,  then  having  turned  it  four  or  five  times. 

Its  nng  and  ^  \  ,  - 

ihort  vibutions  I  left  it  to  regain  its  natural  pofition*.     It  performed  all  its 

equal* 

•  This  method  of  fufpcnTon  has  been  ufcd  for  philof  phicai 
purpofcs,  by  Mr.  Mitchell,  (fee  Prieftley's  Optics,)  by  Mr.  Cavcn- 
didi,  (fee  Philof.  Tranf.  and  alfo  ihis  Journal  quarto  II.  4^6.) 
by  Mr.  Coiilonib,  in  his  numtrous  experiments  on  Eleflricity  and 
Mngnciifm  ;  and  by  Mr.  Btrthoiid,  in  his  Time  Piece,  No.  24.  Sc^ 
hii  Tieatife  de  la  Menlnrc  dn  Temps,  p.  50.  It  does  not  ap-pear 
that  this  fpriiig  has  ytt  been  ui'td  by  itiVif  in  time  pieces.     N. 

ofcillationt 
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sa 


ofcilialions  precifely  in  equal  times,  whatever  was  their 
extent,  whether  they  confiHed  of  thirty  de^^rees,  or  of  three 
tboufand.  Il  theret'or«  returned  to  the  place  at  which  it  was 
at  reft  with  velocity  exadtly  proportioned  to  the  forces  employ* 
ed  to  remove  it.  From  this  experiment  I  concluded,  that  the 
balance  fpring  of  a  watch  is  not  in  a  (ituation  to  exert  this 
natural  quality^  but  that  the  diftortion  into  which  it  is 
thrown,  is  fuch  as  deflroy  this  valuable  property  of  ifochro- 
nifm. 

The  principal  circumflance  by  which  the  fpiral  balance  The  fpiral  fprini 
ipring  appears  to  roe  to  be  cramped,   and  prevented  from  'i^*^^^  ^ 
operating  by  ils  natural  adlton  throughout,  U,  that  the  outer    • 
extremity  is  fixed  by  the  Hud,  fo  tha,t  it  cannot  expand  and 
<X)ntra£l  in  its  coils  every  where  alike,  as  it  ought  to  do.     To  hut  when  its 
remedy  this,  I  attached  the  flud  to  a  Hraight  fpring,  lying  in  ^^^^  ^^^  ^^y  , 
the  direction  of  the  tangent  of  the  fpiral,  continued  from  that  ftraight  fpring 
extremity.     This  fpring  by  its  eafy  adlion  allows  the  fpiral  to  |?  T^^^ 
approach  the  centre,  and  retire  from  it  with  great  regularity  ; 
and,  what  is  mod  material,  it  can  with  certainty  be  reduced 
to  fuch  a  (irength,  that  the  long  and  (bort  vibrations  of  tlie 
balance  will  prove  perfeftly  equal  when   this  adjudment  is 
made.     For  upon  the  (Irength  of  this  (bort  fpring  depends     ' 
the  freedom  with  which  the  axis  of  the  balance  is  enveloped 
by  that  fpring  which  regulates  its  motion.     The  fpring  dud 
affords  a  good  banking;  for  the  banking  pin  on  the  balance 
ooay  be  eafily  placed  fo  as  to  llrike  upon  the  end  of  the  (iudin 
|be  cafe  of  extreme  vibration. 

I  am.  Sir, 

Youc's  mod  refpedifully, 

CHARLES  YOUNG, 

Wood  Streeti  Aug.  23, 1 805* 
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Letter  on  (Ke 
compofidon  of 
Aurbucacid* 


Water  teonKi 

^ftd  by  gal« 
▼aui(in  ibewe4 


-vftluit  miriatic 

acid  is  an  oxide 
of  ludrpsen. 


SCIENTIFIC    NEWS. 

Compqfifian  qf  Muriatic  Add* 

IN'  (Tie  third  nomber  of  (he  Edinburgh  Medical  and  Surgical 
JoornaT,  publifhed  July  1  lafl,  in  the  trandation  of  a  letter  for- 
warded  to  (he  editors  of  that  work  by  the  celebrated  Fabbroni* 
It  bcar^  date  from  Pifa,  May  9.  1805»  and  is  written  by  Dr, 
Francifco  Pacchioni,  profeffor  of  natural  philofopy  iii  the  uni* 
verlily  of  that  city,  (o  Sig.  Lorenzo  Pignotti. 

After  fome  prefatory  olvfervations,  the  writer  annooncea 
that  he  has  fucceeded  by  galvanifm  in  obtaining  Giliffiidory 
evidence  of  the  nature  of  the  conftituent  prtnciplei  of  mari- 
8(tc  acid.  He  exprefies  his  confidence  that  the  fimplicity  of 
hU  apparatus  and  means  have  fecured  hiro  againd  illufion;  but 
for  want  of  time  he  forbears  to  relate  the  whole  feriet  of  hit 
experiment!!.     His  refults  are, 

] .  Muriatic  acid  is  an  oxide  of  hidrogen.  2.  In  the  oxige. 
nated  muriatic  acid  and  therefcnre,  ^fbriiorj,  in  muriatic  acid 
there  is  a  much  lefs  proportion  of  oxigen  than  io  water.  3. 
Hidrogen  may  have  ytry  many  and  diflferent  degrees  of  oxida<» 

tion. 
Some  wufMiit  cf  Th^  author  informs  os  that  having,  by  accurate  experinentf , 
Che  experiment,  afcerlained  the  true  theory  of  gaivanifm,  he  readily  difcovere4 
a  very  iimple  and  exa6t  apparatus,  in  which  he  could  ctif^indly 
perceive  the  changes  which  happen  to  water,  which,  from 
the  continued  afiion  of  (he  galvanic  pile,  is  c*unf}antly  loiing 
its  oxigen  at  the  furface  of  a  wire  of  very  pure  gold  inlmerf(tf() 
in  it. 

With  this  apparatus,  which  I  conjecture  mud- have  been 
the  fame  a<  that  of  Davy,  in  which  the  oxigen  and  hydrogen 
were  gK'en  off  io  feparate  veflels  of  water,  he  obferved  that 
'  pore  oxigen  was  emitted  from  the  gold  wire,  thai  the  water 
became  acid,  and  when  by  proceeding  in  the  operation  until 
the  refidual  fluid  occupied  about  half  ihe  capacity  of  the  re- 
ceiver (that  is,  I  prefume,  when  half  the  fluid  in  one  of  the 
veffels  had  difappearcd)  the  remainder,  was  found  to  be  of  an 
orange  colour,  more  deep  the  lefs  quantity  of  fluid.  It  re- 
femhled  a  folution  of  gold.  From  (he  lower  orilice  of  t!ie 
veffel,  which  was  --lofed  with  a  piece  of  taffetas  and  then  with 
double  bladder,  a  fmell  was  emitted  of  oxigenaled  muriatic 
acid.     The  gold  wire  appear^  corroded.     The  bit  of  taffetas 

which 


Water  depnvrd 
of  oxigen  Arft 
became  acidj 


—and  then  ap- 
peared to  have 
tfiflblved  part  of 
the  gold  wire. 


whirft  IibH  been  in  contaA  wilh  (be  colocred  fluid  had  anifer- 
gonean  aQion  which  tendered  it  eafily  lobe  lorn.  Round  the 
edges  ot  the  veflel  on  (he  bladder  there  «a«  a  deep  purple  ring 
>nd  within  lh.ii  a  circulai  fpiice  tendered  cnlouilefl  OC  white. 
A  drop  of  the  fluid  iirelt  tioged  the  tkia  of  (be  hand  alter  fome 
bouts,  of  a  beauiiful  rofe  colour. 

The  Tainc  liquid,  poiTcflinK  copftanlly  the  fame  qualities  Quilidu  of  tli« 
w-B>  obtained  in  various  repelilionn  of  [he  experiment.     '•  "^' i,j'^[^„jn,u. 
(hewn  to  contain  a  volatile  acid  by  Ihc  while  vapoura  whichtiiMMid. 
were  forDjeil  by  ammonia  placed  near  i(.     Ii  ihrew  down  a 
curdy  precipitate  from  nilralc  of  lilver,  which  the  author  COIt> 
eludes  lo  have  been  the  muriate  of  that  meial ;  and  from  llw 
whole  of  the  hQi  he  deduces  the  refulls  firfl  enumcraled  at 
Itte  beginnlg  of  this  abOraft,  refpeftmg  the  compofiiion  of 
tnurislic  at  id  from  water  by  depriving  ii  of  pari  of  itioxigen. 
He  prDmifet  fa  Ircal  of  ihe  olher  oxides  of  hydrogen  in  a  me- 
moir Ihnrily  ID  appear. 

Tlie  oriKin  and  nature  of  the  muriatic  acid  being  thus,  as  H(ntciht«rigi« 
(he  author  obferve*.  delermined,  there  is  no  longer  any  myflery  ^^^'^  ''^^  "^  *^ 
in  it*  fcitmation,  nor  in  that  of  the  muriatic  falls  in  (he  vail  es- 
Icnl  of  Ihe  ocean. 

The  rditori  of  ihe  refpeflable  Journal,  from  which  1  have  Aod  md  itUi 
made  this  txl raft  lake  notice  of  the  early  dlfcovery  of  Croick-  ^^^."1,^^  ■ 
fliank  (publilbed  by  him  in  our  quarto  fcrieK  for  1601)  that  in- ,gQ,ut«finn> 
liilion  of  himu'  was  reddened  bv  one  end  of  the  pile  and  in-  '"  ''J  e»l"ftil^ni, 
fufion  of  Brazil  wood  rendered  purple  by  Ihe  other,  wliich  he 
afoiibed  10  the  fofmaiion  of  nitrous  acid  and  ammoniai  and 
tbey  alfu  quote  Hie  difcovery  of  muriatic  acid  being  formed  by  ~ni  common 
the  gulvanic  aflion  by  Mr.  Peele  of  Cambridge,  which  was  '*'■  '■>  ''"^  '" 
announced  in  Mr.  TJlloch's  Philofophical  Magazine  a  lew  daye 
betbre  ProfelTor  Pacchiont's  letter  wax  publiftied  at  I'ifa.     Mr.  Or  nmriaR  ef   I 
Pcele's  letter  bean  date  April  23,  1805.     He  took  a  pint  of  fed*. 
diHilled  water  and  decompofed  half  of  it  by  means  of  galvan- 
ifro ;  the  oilier  half,  being  then  evaporated,  left  a  fmall  quaA- 
lity  of  muriate  of  fudi  or  common  fait.     Gteal  attention  hod 
been  paid  10  the  puiity  of  the  water;  and  upon  a  careful  re* 
petition  the  famerefult  wai  again  hod.   Inapoftfcripthe  nen- 
tioni  thai  a  friend  of  bis  had  tried  the  experiment  and    fucx 
cceded  iathe  fame  mumcr. 


iJUrary 


^  SCIKKTXPIC   VKWt. 

Literary  and  Philojbphical  Society  of  NewoafiU  upon  Tyme. 
Twelfth  report       THE  Literary  and  Philofophical  Society  pf  Newcaftle- 

Ut^'n?pI^f^**P^"*'^^"^  have  publifhed  (heir  twelfth  year's  report.    The 
Society.       *     rpirited  Union  o(  literature,  fciencc  and  pradical  refearch  con- 
tinaes  to  form  the  chdra6ter  of  their  proceedings.    Their  li- 
brary encreafes  no  lefs  in  value  than  in  magnitode,  and  they 
■  have  liberally  rcfolrcd  "  that  the  fubfcribers  to  the  public  li- 
*'  brary  at  North  Shields  (and  to  other  fimilar  inflitutions  which 
"  (hall  afford  an  equal  accommodation  to  the  members  of  the 
•'  Nowcaftle  Society)  (hall  be  admitted  to  the  rooms  without 
"  introdu^ion  on  producing  to  the  librarian  a  certificate  of 
«■  tlieir  being  members  of  fuch  inftitutions.**     I  will  not  fup- 
pofc  that  any  of  my  readers  will  coniider  this  information  as 
merely  local.    The  advantages  of  provincial  focieties  of  efii- 
niablc  and  well  informed  men  is  of  high  national  importance^ 
and  it  cannot  but  be  of  general  interefl  that  fuch  enlightened 
proceeding;:  as  are  adopted  in  one  part-of  the  kingdom  fhould 
be  known  and  imitated  in  every  other  quarter,  where  fimilar 
circu m fiances  may  render  them  defirable. 
Blaitlng  rocks  in      I  have  much  pleafure  in  adding  the  tefiimony  of  Northom« 
method  berland  in  favour  of  the  improvement  in  blading  rocks,  which 

Mr.  Jeffop  communicated  lafl  Dccembeft  through  the  chan- 
nel of  our  Journal. 
— tried  v*ith  At*  the  meeting  in  April.  1804,  Mr.  Fogget  of  Sheriff* 
tmb^fia^d!'"^^'  Hill  reported,  that  the  new  mode  of  blafting  with  fand,  de- 
fcribed  in  the  Philof.  Journal  had  been  tried  by  him,  and  that, 
contrary  to  his  expe^ation,  it  had  anfwered  every  purpofe  of 
the  old  mode,  with  a  coniidcrable  faving  of  powder,  and  of 
more  than  one-third  of  the  labour,  and  with  an  entire  freedom 
from  riik. 

At  the  meeting  in  May,  Mr.  Forget  prefented  a  fedlion  of 
two  holes  drilled  and  prepared  for  blading  according  to  the 
new  method :  One  perpendicular,  in  which  the  charge  of 
powder  being  ihtroduced  and  the  communication*(lraw  placed, 
the  remainder  of  the  hole  is  filled  up  wiih  fine  dry  fand  :  the 
other  a  horizontal  or  afcenditig  hole;  in  which  the  powder  and 
farni,  being  made  up  into  a  cartridge,  is  in  the  ad  of  being 
thru  ft  up  to  the  larlhefl  extremity  of  the  holej  by  a  blunt-i 
pointvd  pricker  put  in  by  the  fide  of  the  communication  firamr, 

*  Report,  page  j. 

At 
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At  the  meeting  in  Jane  an  account  was  communicated  by  Dinger  of  the 
Mr.  Thornhill  of  an  accident  havin|;  happened  in  G&teAiead-  ramming  down 
Park  colliery,  by  which  one  man  loli  his  life  and  another  had^die  charge. 
been  fcverely  wounded,  in  confequence  of  the  powder  hav* 
ing  lak^a  fire  in  the  common  mode  of  ftemminf^,  jor  ramminii^ 
down  the  charji^e  with  fragments  of  (lone.     A  cafe  was  alfo 
cited  by  Mr*  Horn  of  a  perfon  who  had  lately  been  brought 
from  Aldon  Moor  with  his  (kuil  fmdured-  by  a  (imilar  ex<« 
ploiion.  I 

-Vtfw  ProceJ's  for  Sleeping  Hemp. 
The  new  procefs  of  M.  Bralle  for  ftecping  hemp,  which  ^^'^P'"^  of 
has  the  advantage  of  faying  time,  capital^  and.  the  health  of 
numerous  inclividuals,  and  of  which  an  account  was  given  at 
page  86  of  our  fall  volume,  has  been  repeated  in  one  of 
the  provinces  of  France,  to  the  entire  (ali>fa6lion  of  (he  inha- 
bitants, who  might  be  fuppofed  the  feaft  hic7ined  to  deviate 
from  their  accuftomcd  habits.  The  (laple  was  found  to  be 
excellent,  and  of  a  fuperfor  ftrength  and  quality  when  fpun 
into  thread,  and  alfo  afler  it  had  paded  the  loom  in  {\\q  form 
of  cloth. 

Medical  Theatre,  St,  Bartliolowtw's  IlofpiluL 

THE  following  courfes  of  Le^ures  will  be  delivered  at 
this  theatre  during  the  cnfuing^  winter. 

On  the  theory  and  pra^ice  of  mediciDe«  bj  D/.  Roberts 
and  Dr.  Powell. 

On  anatomy  and  phvfiology,  by  Mr.  Abcrnethy. 

On  the  theory  and  praftice  of  furgery,  by  Mr,  Abernethy. 

I 

On  comparative  anatomy  and  ph}  Qology,  by  Mr.  Macartney, 

On  chemiflry,  by  Dr.  Edwards. 

On  the  materia  medica,  by  Dr.  Powell. 

Anatomical  demonHraiions  and  pradical  auatomyt  by  Mr. 
Lawrence. 

The  anatomical  ledures  will  begin  on  Tuefday,  October  Ifl, 
at  two  o'clock,  and  the  other  lectures  on  (he  fucceedi:.g  davi 
of  the  fame  week. 

Further  particulars  may  be  learned   by  applying  to   Mr. 

NicuoLsoNi  at  the  apothecary's  (hop,  St.  Bartholomew's 

hoTpitaL 

AN 
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Medical  JnftUution. 

AN  inAHtttion  has  been  lately  eftablifhed  in  London  far  the 
puf pofe  of  promoting  a  liberal  and  nfeful  intercourfe  among 
the  difierenl  brancbei  of  the  medical  profeffion,  and  of  a£* 
fcrding  a  centre  for  the  reception  of  commonicaLionsy  and  for 
the  formation  of  a  teleB,  and  extenfive  profeffional  library. 
It  is  called  the  Medical  end  Ckirurgical  Sociei^  qf  Lomdum, 
and  it  comprtzet  a  confiderable  number  of  profeffional  men  of 
the  firft  charader.  The  meetings  (which  will  commence  in 
Odober)  will  be  held  at  the  Society'i  apartments^  Verulam- 
buildings,  Gray's-Inn,  where  any  commuQJc^tioM^.IK'  dona- 
tions of  books  are  reqaefled  to  be  fent^  direded  to  the  fecre- 
laries* 

The  following  is  a  lift  of  the  officers  and  coancil  tot  the  pre- 
fent  year. 

PnESFDENT,  Wm.  Saunders,  M.D.F.R.S. 

John  Ahernithy.  Efq.  F.R.S.  Vict^Prei. 
Charles  Rochemont  Aikin^  Efq,  See, 
Wm.  Babinpon,  M.D.  F.R.S.  Vicc^Prti. 
Matthew  Baillie,  M.D.  F.R.S. 
Tlios,  Bateman,  M.D.  F.L.S. 
Gilbert  Blane,  M.D.  F.R.S. 
Air  IVm.  Blizard,  F.R  S.  Vice-Pret. 
John  Cooke,  M.D.  F.A.S.  Vice-Pres. 
Aft}^  Cooper,  EJ^,  F.R.S.  Treas, 
James  Curry,  M.D.' F.A.S. 
Sir  Walter  Farquhar^  Bart,  M.D. 
Thompjbn  Forfter^  EJif. 
Jl^ernon  Frampton,  M.D. 
John  Htaviftde.  Ej^.  F.R.S. 
Alex,  Murcet,  M.D.  For,  Sec, 
David  Fitcairne,  M.D.  F.R.S. 
lltn.  Bevell  Ueynotdf,  M.D.  F.R.S. 
//.  fx^igli  Thomas  E/^, 
James  IVUfnn,  E/q,   F.R.S. 
John^YeUoly,  M.D.  Sec. 
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Praptrtia  <^  blaed  Sled  not  gneraUy  tnawn. 

IN  making  fprirg*  of  llee!  ilie  melal  i'  <lrawn  or  hammci-cd  J^",''^f/(  ""^- 
outand  f'aflitonedlathedcfired  figure.     It  is  then  liardcnedby 
ignition  to  a  low  red  hnl  and  plunging  it  in  water,  which 
render!  it  quite  brittle.      And   laftly,   i(  i?  tempered  either  by  Hintenin^, 
blazing  or  blueing.      The  opcralion  of  blazing  conlifis  'ti  bl",'i^."^ 
fmeafing  the  snicle  with  oil  or  fat,  and  then  healing  it  (ill 
thick  vapourt  are  emitted  and  burn  off  with  a  blaze.     I  fiip- 
pofe  this  temperature  to  be  nearly  the  fdnie  ai  that  of  bniting 
mercury,  which  i(  generally  reckoned  to  be  ai  the  600"  of 
Fahrenheit,  though,  for  reafons  I  (halt  m  future  mention,  I 
Ifiink  this  point  requites  to  be  examined.     Tlie  openiion  of 
blueing  conlidt  in  firft  brightening  the  furface  of  ihi;  fleel,  and 
then  expofing  it  to  the  regulated  iieat  of  a  plate  of  melal  or  a 
charcoal  fire,  or  the  flame  vf  a  lamp  until  the  furfate  acquirer 
a  blue  colour  by  oxidation.     The  remarkable  taBi  which  lAWaefprinj 
have  here  loprcfvni  to  ihe  notice  of  philofoplicm  are  that  ^''■.^"J^^^^  ^^ 
Slodatt  aiTurej  me  that  he  has  found  Ihe  fpring  or  elallicity  orfEll«c<i  by  blue* 
Ihc  Reel  to  be  greatly  impaired  by  taking  off  the  blue  with'"*  "•'"^ 
fand  paper  or  otherwlfe;  and,  what  i.<  Dill  more  Arlkiiig,  that 
il  may  be  reflored  again  by  the  blueing  procefs  without  any 
previou*  hardening  or  other  additional  treatment. 

Mr.  Hardy,  who  is  merllorioufly  known  ai  a  Ikilful  arllfl,*  S»w  nikcn. 
■(Tured  roe  fome  lime  ago  that  the  faw-makers  firft  harden  their  ft„i .  ^^^ 
plate*  in  ihe  ufual  manner,  in  which  Rate  they  are  more  or  lefifoften  it  by 
contorted  or  warped,  and  are  briltle;— that  tl.ey  li.en  hlaze ^'"^'^l^"  ^,^ 
ihemj    which  procefs  deprives  them  of  all   fpringlnefs,   foby  blueing. 
that  they  may  be  bended  and  hammered  quite  flat,  which  iia 
delicatepartoflhe  art  of  faw  making: — and  that  tliey  blue  them 
«n  an  hot  iron  which  rendert  them  (tiff  and  Springy  without 
altering  the  ftalnef*  of  their  furface.     Mr.  H.  finds  that  fufi  Soft  ftcel  Uocj. 
unhardened  fleel  may  be  rendered  moreelaflic  by  blueing,  and     "f  ""'  *'' 
that  hard  fteel  i>  more  expantible  by  htut  than  loft.  hoi. 

It  ii  very  difficult  to  reafon  or  even  !o  conjeflure  upon  thcle 
h&i.  They  certainly  deferve  (o  be  verified  bj  a  direfl  procefs 
of  examination,  which  1  intend  to  make,  and  (hall  ilaie  the 
refuri*  incur  ntxl  number.         N, 

'  Sm  hil  banking  foi  time  pec»  in  our  XI.  Vat,  pige  II). 
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Prefervuiinn  of  Succulent  Plants. 

Whether  the  tacl  be  f^encrally  in  potTeflion  of  the  colle£tor^ 
of  plants  I  knoiv  not,  but  it  will  certainly  be  inftruclive  to 
many  readers  to  be  informed  thai  green  fucculent  plants^  are 
much  better  preforvcd  after  a  momentary  immerGon  in  boilinfr 
prater  than  other  wife.  This  treatment,  which  I  am  told  is 
adopted  for  the  economical  prcfervation  of  cabbage  and  other 
plants  which  are  dried  for  keeping,  dcflroys  the  vegetable  life 
at  once,  and  feems  to  prevent  an  after  procefs  of  decay  or 
mortificatioi],  by  wliich  ihe  plant  would  have  been  more  cod- 
fiderably  changed,  if  it  had  not  been  fo  fuddenly  killed* 

CoD'cStions  to  the  1  \th  Volume. 

P.  1 59, 1.  2,  area  r.  era, — 1.  2 1 ,  /h^y  r.  /%. — 1 .3(5, 9  x  p— 2« 
r.  r/-[-/;— 2ii.— J.  \2,Jor  r,  q/. — I.  *2S,  put  a  comma  before 
tkat, — p.  235,  1.  20 from  Ihsboitom,  after  the  words  preferred 
av  add  r«  perfeSt  at  pofible,  but  the  prefs  recommended bjf  Dr. 
IViilurin^  dacji  not  appear  calculated,  Sfc. — 

Dr.  Bollock's  elFay  upon  animal  fluid::  which  wa«  communi- 
cated by  the  author  and  infcrted  in  our  laf)  number,  appeared 
alio  in  the  third  number  of  (he  Edinburgh  Medical  and  Surgical 
Journal.  This  b)  a  caf.ial  omidion  of  the  friend  who  for- 
warded me  manufcript  was  not  intimated  to  me  until  feve- 
ral  days  after  the  paper  carue  to  baud. 
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ARTICLE   I. 


mtpeiimental  InTtJiiptlioiu  concerning  HtKi,     ByBiKtAUiK 
tCowsT  OF  RoMFOau.  y.  P.  R.S.  foreign  Affacialeyilie 

jfational  inJlKitle  qf  France,    ifc.  Ifc,     RcceiieJ  from  the 
]f.Jutkoi: 
C,  To  M(.  NICHOLSON. 

D**K  S(B,  Munich,  Aug"Jl29,  1805. 

■AVING  teamed  byalrtler  which  I  received  ihisdavfion 
Atgfmi,  thai  you  have  publifhed  ia  yotit  Journal  of  Natural 
pitiWroptiy  l)>e  memoir  1  fent  you  on  the  temperature  at  which 
1^  denfily  ot'  water  ii  a  inaximuin,  1  laJ^u  the  liberty  to  fend 
^pu  herewith  inclofed  three  Diemoirgoii  heat,  which  are  def- 
liiied  to  appear  in  the  next  volume  of  the  publications  of  the 
fitii  dar^ol'  the  Nalioiial  Inflilute.— Three  other  memoir*  of 
BUne  will  appear  in  that  voluntr i  but  at  they  contain  link  that 
^uld  be  new  [o  you,  1  do  not  fend  iheiD  to  }ou. 
»  I  continue  my  refearchei  on  heali  and  have  lately  made  fe- 
(leral  new  and  very  interefting  experlmenti,  tbc  refalli  of 
Iphicli  it  is  my  intention  to  communicate  to  you,  as  loon  ai  [ 
jIbaU  have  compleated  the  pacttcular  couife  uf  expctimetits  in 
Ifbich  I  am  now  en^^aged. 

1  amj  Dvar  Sir,  with  much  eDeEro, 
I  Your  mofl  obedient  fcivant, 

[  RUMFORD. 

,,  Vot.  XII.— OcToBia,  1305.  F  Sbci. 


66  ON    HEAT* 

Sect.  I.    Short  Account  nf  a  new  ExperimaU  on  tJeat. 

I  have  lately  made  a  new  experiment,  the  refult  of  which 

appears  to  me  fufficiently  interefiing  to  deferve  the  attention 

of  the  clafs. 

Qn.    Whether       Having  found  by  experiments  often  repeated  that  metallic 

the  htttiog and    bodies  expofcd  in  tlie  free  air  of  a  large  apartment  are  much 

ed^ajid  of  Uack-  tnorefpeedily  heated  and  cooled  when  their  furfaces  have  beeo 

ened  bodies  fol-    blackened  (over  the  flame  of  a  candle  for  example)  than  when 

'inimlxL  ctofcd**^  ^'^^^'  ^^^  c^^an  and  poliflied;  I  was  curious  to  know  whether 
fpacetasinrpaces  the  fame  phenomena  would  take  place  when^  indead  of  ex- 
jnore  enlarged  ?    po(ing  thefc  bodies  in  the  open  air,  they  fliould  be  placed  in 
clofe  meialhc  velfels  furrounded  by  a  certain  thicknefs  of  in- 
cluded air,  and  thefe  p^eflels  (iiould  be  then  plunged  in  a  large 
mafs  of  hot  or  cold  water.     In  order  to  clear  up  thia  impor- 
tant point,  I  made  the  following  experiment: 
Acytindrical  ^  cylindrical  veHTei  of  brafs,  three  inches  in  diameter  and 

veflel  of  thin  four  inches  long  was  enclofed  in  another  larger  cylindrical  veC» 
ported  in  the  ^®'»  ^"  ^^®  Centre  of  which  it  was  fufpcnded  by  its  neck^  fo  a$ 
middkof  a  larger  to  touch  it  in  no  Other  part,  leaving  on  all  (ides  an  interval  of 
to«aA?nr„.    one  inch  between  the  veffels. 

terval  of  air  be-  The  external  velTel  as  well  as  the  fmaller  one  included  with- 
twecn  tlicm.        jj^  ^  j^  made  of  thin  flieels  of  brals;  its  diameter  i:f  five  inches 

and  its  height  Hx.  It  is  one  inch  and  a  half  in  diameter  and 
fix  inches  iiigli.  Its  neck  is  one  inch  and  a  quarter  in  diame- 
ter and  two  inches  and  a  half  long. 

The  interior  veflel  is  fufpended  in  the  centre  of  the  external 
one  by  a  iiopper  of  cork.  This  Hopper  is  adjuded  (o  the  neck 
of  the  external  veO'el)  and  there  is  a  cylindrical  hole  of  three 
quarters  of  an  inch  diameter  through  the  cork »  and  having  the 
ii&me  axis,  which  perforation  receives  the  neck  of  the  interior 
velfel  and  retains  it  in  its  place. 

The  interior  velfel  was  introduced  and  ^xed  in  its  place  be- 
fore the  bottom  of  the  exterior  vefTel  waii  foldered  in. 
The  larger  veflel      At  the  centre  of  the  bottom  of  the  ^^rcat  vetfel  is  a  fmall  me* 

was  Supported  ^^\\^^  tube  of  three  quarters  of  an  ir.ch  diamcler  and  one  inch 
OB  a  loot*  .        - 

and  a  half  long,  by  means  of  which  this  inRrument  is  attached 

to  a  folid  heavy  foot  of  metal  which  fiipports  it  in  a  vertical 

pofition  when  the  whole  indruaicnl  is  fubmcrged  in  a  veflei 

of  water. 

This  inftrumentf  which  greatly  refembles  that  defcribed  in 

my  7  th  diay  4)n  the  propagation  of  heat  in  fluids^  which  I  have 

caHed 


OV    BEAT.  07'. 

called  (lie  PalTage  Thermometer ",  may  be  ufed  to  make  a 
number  of  miereding  ex|wrirrents  on  I  he  cooling  of  bodies 
ihroiigh  iliffcrenl  fluids.  In  ilie  prefenl  exptrimenl  I  em- 
ployed it  in  the  following;  manner : 

The  inlerior  velTcl  wa*  enlirely  lilled  vn'Ah  hoi  water  lo  ihc^hf  '""*'J"'- 
lieighl  of  half  an   inch   in  \U  neck,  and  a  good  lliermoracler,  „;,i|  [,m  „[„, 
having  its  cjlindric  bulb  four  inchei  long,  wan  inferted  Iherein,  "li  i  thermo_- 
Tho  indrument  was  then  plunged  in  a  niixliire  of  pounded  it^™ne<i. 
and  waler.  and  ihe  time  was  noled  by  means  of  the  iliermo-  Th«  whole  in- 
meler,  during  which  the  hot  waier  in  the  fmaM  vefTel  became  S^^^^Via 

cold.  iuudwiUE. 

I  wat  careful  lo  plunge  the  inHrument  in  (hit  rrigoriHc 
nixlurc,  fo  [hat  (he  large  veflel  wan  completely  fubmerged 
except  the  upper  extremity  of  its  nt-ck  ;  and  1  added  from 
lime  lo  lime  a  fufficient  quantity  of  pounded  ice,  lo  keep  ihe 
fngoriHc  mixture  cunJlantly  and  throughout  at  the  temperature 
of  mehing  ice. 

The  following  were  the  refults  alTordcd  by  two  Cmilar  in- 
Drumenls  employed  at  the  fame  lime  : 

Tbcfe  two  infirumenls,  which  1  Ihall  drflinguilb  refpcfllvely  Il'f"'a  "i'h 
by  the  leilers  A  and  B,  ate  of  the  fame  form  and  dimenfioni  j  „„£  ^f  which 
there  is  no  diflcrence  between  ihera   but  in  ihe  fiate  of  their  Bi  hi*  *e  imt- 
furbces.     In   the  inflrument  A,  the  exterior  furface  of  'he  [[,"," '"^^,1 
fmall  vefTel  and  ihe  interior  ruifaee  of  the  great  vctfel  which  ind  rht  cxanot 
inclofet  il,  are  bright  and  polijlied  ;  but  in  Ihe  inftrumenl  B,  bL'ktd'">n" 
the  exterior  furiace  of  the  fmall  velTel  and  the  interior  furface  the u-.betinftru- 
of  the  large  velTel  are  black,  having  been  blackened  over  the  'T''i'i,^!  "f** 
flame  of  a  candle  before  the   bollom  of  the  great  velfel  wan  pgiiihcd. 
foldered  in  its  place. 

Having  filled  tUe  inlerior  velTcI  of  each  of  ihefe  inrtrumenlsThc  Inctnor 
with  boiling  water  till  the  water  rofe  lo  the  height  of  half  an  bt^^'^«!** 
inch  in  Ihe  neck,  I   placed  a  Iherniomefer  in  each,  and  then 
plunging  bolh  infiruments  at  the  fame  lime  into  a  tub  filled 
with  culd  waler   mixed  with   pounded  ice,   I  oblervcd   the 
courfe  of  theti  refrigeration  during  feveral  hours. 

Each  of  the  inftruments  was  completely  fubmerged  in  Ihe  The  re&ijaiR- 
frigotific  mixture;  excepting  about  one  inch  of  lUc  fuperiyr '"*  "T'' ""' 
.  «xtrtfmiiy  of  the  neck  of  the  exterior  veffel,  and  I  was  careful  witer. 

•  See  our  Journal,  Vol.  IX. 
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to  add  Dew  qaantilics  of  poufided  ice  fr#ro  time  to  tim^,  in 
order  to  keep  the  frigorific  mixture  confiantly  at  the  prectfe 
teiDperature  of  inelling  ice. 

As  the  fpeciiic  gravity  of  water  at  the  temperature  of  three 
or  four  degrees  of  the  thermometer  of  Reaumur,  h  greater 
than  that  of  melting  ice,  the  water  which  lies  a^  the  bottom 
of  a  veflfel  containtog  a  mixture  of  water  and  poanded  ioa, 
is  ufually  warmer  than  the  fluid  which  occupies  the  mppet 
part  of  the  veOel.  To  remedy  this  inoenvenience  my  tefri* 
geratory  for  the  frigorific  mixture  was  a  tia  veflel  fupported 
on  three  feet  of  one  inch  in  length,  and  I  placed  this.figfi 
vetfel  in  a  larger  of  wood,  containing  a  certain  quantity  of 
ice  furrounding  the  bottom  and  part  of  the  fides  of  the  asetallie 
velTel. 

As  in  the  firft  moments  of  the  experiment  the  thermometers 
defcended  too  quickly  to  be  obferved  with  precifion,  I  wailed 
till  each  of  them  had  arrived  at  the  65th  degree  of  ReauflMr  | 
after  which  I  carefully  obferved  the  number  of  mimites  and  fe- 
conds  employed  in  palling  through  each  interval  of  fivie  de* 
grees  of  the  lower  part  of  the  fcale  of  the  thermometer  le  the 
fifth  degree  above  zero. 

The  following  table  exhibits  the  depreifion  of  the  themov 
meters  during  eight  hours  employed  in  the  experiment. 


Degrees  of  the  Ther^ 
?nofneier» 

From  55  to  50 

50  45 

45  40 

40  35 

35  30 

30  25 

25  20 

20  15 

15  10 

10  5 


Time  employed  in  cooling 
from  55"^  lo5^ 


Twic  employed  ia  oooling. 
By  the  Inftnu  By  the  laAr«< 


meat  A* 
II"     6« 


ment  B. 


13 
15 
19 
22 
27 
37 
54 
80 
183 


15 
12 
10 
24 
50 
6 
15 
25 
45 


7" 

8 

9 
10 
12 
15 
21 
28 
41 
85 


50f 
10 
5 
50 
18 
10 
15 
15 
25 
15 


} 


478 


254 


It 
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It  is  evident  from  the  reful^  of  this  experiment,  that  the  '^he  blackened 
Msckened  body  is  conHantly  cooled  in  leis  time  than  the  f>o-  c^lc/more 
lifhed  body ;  but  it  appears  by  the  courfe  of  the  thermometers,  quickly  than  the 
that  the  difference  between  the  quicknefs  of  cooling  of  thefe® 
two  bodies  varies,  and  that  this  difference  was  lefs  conlider« 
able  in  proportion  as  the  temperature  of  the  bodies  was  more 
elevated  in  comparifon  to  that  of  the  medium  in  which  they 
were  expofed  to  cool. 

In  cooling  from  the  53th  degree  to  th6  30th  above  the  teny-  The  difference 
perature  of  the  fnrrounding  mediuro»  the  poliihed  body  ^»- J|,c' u*^"^^^  *' 
ployed  11*^6%  and  the  blackened  body  employed  7"  5(/ to  pentures  |  pro. 
pafs  through  the  fame  interval.    But  from  the  10th  to  the'  1 5lb  ^'^'^  ^^"^«  *'»« 

J  L  .  ..    I  i.  t  1.^      .  tnernjometeri 

^degree  above  the  temperature  ot  the  medium,  the  polifned  then  ihewed  the 

body  employed  183"  43%  while  the  blackened  body  employed  ™^*"  tcmper»- 

€mly  83"  13*;  but  tt  is  extremely  probable  that  this  difference  reaiy. 

between  the  proportion  of  the  times  employed  in  cooling  the 

two  bodies  at  different  temperatures,  is  only  apparent,  and 

that  it  depends  on  the  greater  or  lefs  time  required  for  the 

thermometers  in  the  vefTels  to  arrive  at  the  mean  temperatures 

of  the  roaffes  of  water  which  furround  them. 

In  order  to  compare  the  refults  of  this  experiment  with  thofe  From  thefe  ez- 

I  made  laft  year  with  metallic  veffels  poliflied  and  blackened,  ?«"««"•»»  'J*P- 

^  pears  ihac  the 

and  left  to  cool  in  the  undiflurbed  air  of  a  large  chamber,  it  rate  of  cooling 
is  neceflary  to  afcertain  how  much  time  the  two  bodies  in  {"J***  P''**®* 
queftion  employed  in  cooling,  from  the  30th  to  the  'K)lh  de-  with'theother» 
gree  of  Fahrenheit  above  the  temperature  of  the  medium.  *.■  ""''x  *1*^ 
Now  I  found  by  obfervation,  that  the  polifhed  vefTel  A  em-  j^ttly  dcter- 
ployed  39"  30*  to  pafs  over  that  interval  of  cooling,  while  the  min«d  with  bo- 
blackened  vtfTel  B  employed  only  22".     Thefe  times  are  in  chi^be*  ^^ 
the  proportion  of  10000  to  3810.     By  one  of  my  experiments 
made  latl  year^  I  found  that  the  times  employed    in  paOing 
through  the  lame  interval  of  cooling  in  the  open  air  by  a  clean 
poliflied  metallic  vefTel,  and  another  of  the  fame  form  and 
capacily.  but  blackened  without,  were  as  lOOOO to  563k 

Reflecting  on  the  confcquences  which  ought  to  refult  from  If  the  Intenfitict 
the  radiations  of  bodies,  on  the  fuppofitlon  that  the  ♦^'np*^™- ^^j'^^*'?!'*"' 
tures  of  bodies  are  always  changing  by  means  of  thefe  radia-  the  fquareiof 

tions,  I  was  led  to  the  following  conclufion :  If  the  intenfity  J*'^.**'*^*?"*^  , 

°  -^  bodies  will  cool 

of  the  aftion  of  the  rays  which  proceed  frimi  a  body,  be  uni*  in  the  fame  time 

vcrially  as  the  fquares  of  the  diftancei  of  bodies  inverfely,  i"/"*"*='o^"« 
•^  ^  „  ,  .  .  oftbeiameuiii* 

3  which    . 


70  ON    BEAT. 

perature»  wbe.  which  is  extremely  probable,  a  hot  body  expoM  to  oool  in  s 

^  Urge  or      ^j^^^  place,  or  furrounded  on  all  fides  by  wmllt,  oaght  to  cool 

with  the  fame  celerity,  or  in  the  fame  time,  whatever  may  be 

the  magnitude  of  this  enclofure,  provided  the  temperatore  of 

Thefe  Mtoon-  the  fide*  or  walls  be  at  a  conftant  given  temperature ;  and  the 

'refulls  of  the  experiment  here  defcribed,  in  which  the  hot 

body  was  enclofed  in  a  veflel  of  a  few  inches  diameter,  coo»- 

pared  with  thofe  of  feveral  experiments  made  laft  year,  in 

which  the  heated  bodies  expofed  to  cool  between  the  walls 

of  a  large  chamber,  appear  to  confirm  this  oonclufion. 

£v^  ^a'     ^*  *^  ^^®  t(ft6t  produced  by  the  air  in  cooling  a  heated 

body  expofed  to  cool  in  a  dofe  place  filled  with  that  flotd,  I 

have  reafon  to  believe  that  it  is  much  lefs  confiderable  than 

has  been  fuppofed. 

Forawr  expcri-       I  have  fiiewn  by  dired  and  conclufive  experiments,  that 

that  it  rKciTes  ^^^dies  cool  and  are  heated,  and  that  with  confiderable  oele- 

only  i-ayth       rity,  when  placed  in  a  fpace  void  of  air*;  and,  byezperi- 

^"^  roents  made  lad  year  with  the  intention  of  clearing  np  this 

point,  I  found  reafons  to  conclude,  that  when  a  hot  body 

cools  in  tranquil  air  not  agitated  by  winds,  one  twenty-feventh 

only  of  the  heat  loft  by  this  body  (or  to  fpeak  more  coredly, 

which  it  excites  in  furrounding  bodies)  is  communicated  to 

The  reft  paiTes    the  air,  all  the  reft  being  carried  to  a  diftance  through  the 

^  '^  ^       *      air,  and  communicated  by  radiation  to  the  furrounding  (olid 

bodies. 

Sect.  II.  Experiments  on  cooling  Bodies. 

It  is  only  by  careful  obfervation  of  the  phenomena  which 

accompany  the  heating  and  cooling  of  bodies,  that  we  can 

hope  to  acquire  exadt  notions  of  the  nature  of  heat  and  its 

manner  of  a^ing. 

Con^^aing  Many  experiments  have  been  made  by  different  perfons  at 

Sith "re^rd  to*  ^*^^'"^"'  times,    with  a  view  to  determine  what  has  been 

heat.  called  the  conducting  quality  of  different  fubftances  with  re« 

gard  to  heat:  I  have  myfclf  made  a  confiderable  number; 

and  it  is  from  theif  refults,  often  no  Icfs  unexpeded  than  in* 

terefting,  that  I  have  been  gradually  led  to  adopt  the  opinions 

on  the  nature  of  heat  which  I  have  prefumed  to  fubmit  to  the 

judgment  of  this  illuftrious  allembly.     The  flattering  attention 

♦  Sec  my  Memoir  on  Heat  in  the  Philofophtcal  Tranfa^tions  for 
nSG,  and  in  my  eighth  Effay. 

with 
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with  which  the  Clafs  has  honoured  the  three  Memoirf;  I  have 
lately  prefented,  encourages  me  to  communicate  the  conti- 
naation  of  my  refearches* 

.  All  philofophers  are  agreed  in  confidcring  glafs  w^  one  ofOhft  is  diowed 
the  word  conductors  of  heat  which  exifls;  and  when  it  •''worftconduo- 
propofed  to  confine  the  heat  in  a  body  of  which  the  tero-ton* 
peratore  has  been  raifed,  or  to  hinder  its  diflipation  as  much 
at  poffible,  care  is  taken  to  furround  the  heated  body  with 
fubftances  known  to  be  bad  condudlors  of  iteat. 
.  The  refults  of  many  of  my  experiments  having  led  me  to  fuf- Bodies  are  not, 
pea  that  the  cooling  of  bodies  is  not  efleaed  in  the  inannerPJ"^*^'j^;^?;j|*^ 
which  it  generally  fuppofed^  I  made  the  following  experi-off. 
vent  with  the  intention  of  clearing  up  this  inlerefling  part  of 
the  fcience. 

I  procured  two  bottles  nearly  cylindrical,  of  the  fame  form  Experiment  s 
and  the  fame  dimenfiuns  when  meafured  externally;  one  be- i^^tle  aiid  a  thia 
log  of  glafs  and  very  thick,  and  the  other  of  tin  or  tinned  iron, one  of  tin, 
which  was  very  thin.     Each  of  them  is  three  inches  ten  lines 
ID  diameter  very  nearly,  and  five  inches  in  height,  and  each 
has  a  neck  one  inch  three  lines  in  diameter,  and  one  inch  two 
lines  in  height.     The  glafs  bottle  weighs  IS  ounces  ]  gros 
and  18  grains  poids  de  marc,  and  the  other  thin  metallic  vef- 
fel  weighs  only  5  ounceiS  1  gros  and  65  grains. 

Having  very  exadly  weighed  the  buttle  of  tinned  iron,  I  were  prepattd, 
found  its  exterior  furfacc  to  be  54,462  inches,   which  giveweighed, 
0,21 142  of  a  line  for  the  thicknefn  of  its  fides,  taking  the  fpe- 
ci£c  gravity  of  the  metal  at  7,8404. 

The  mean  thicknefs  of  the  fides  of  the  glafs  bottle  is  ra ore tnd  meafured. 
than  fix  times  as  great,  as  may  be  eafily  deduced  from  a  calcu- 
lation founded  on  the  weight  of  the  bottle,  the  quantity  of  its 
furface,  and  the  fpecific  gravity  of  glafs. 

.    Having  filled  thefe  two  bottles  with  boiling  water,  I  hung  They  were  filled 
them  up  by  nender  firings  in  the  midft  of  the  tranquil  air  of  a^^^^^^ 
large  chamber,  al  the  height  of  five  feet  from  the  floor^  andbithpair. 
at  the  di fiance  of  four  feet  afunder. 

The  temperature  of  the  air  of  the  chamber,  which  did  not 
vary  a  quarter  of  a  degree  during  the  whole  time  of  the  expe- 
riment, was  9^  degrees  of  Reaumur'*  fcale. 
.  An  excellent  mercurial  thermometer,  with  a  cylindrical 
bulb,  of  fuur  inches  long  and  two  lines  and  a  half  in  diameter^ 
fufpended  in  the  axis  Qf  each  of  thefe  bottles,  indicated  the 

temperature 
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temperature  of  the  contained  water;  and  the  time  emptojred 
in  iti  cooling  for  every  6ve  degreei  of  Fahrenbett't  (hermoii 
meter,  was  carefully  obferved  during  eight  hours. 

The  glafs  being  confidered  as  a  very  bad  condo6tor  of  heatt 
and  the  fides  of  the  bottle  being  fo  thick*  who  would  not  have 
expedled  that  the  water  in  this  bottle  would  have  been  worn. 
ilowly  cooled  than  that  in  the  very  thin  bottle  of  tin* 
Thegtifibottk      The  contrary  however  was  the  event;  the  bottle  of  gkft 
*^  IT^t*^  ^•^  cooled  almoft  twice  as  quickly  as  that  of  tin. 
tin.  While  the  water  included  in  the  bottle  of  tinned  iron  em* 

ployed  56  minutes  to  pafs  through  a  certain  interval  of  coolingp 
namely  through  ten  degrees,  between  the  50th  and  40th  de» 
gree  of  the  thermometer  of  Fahrenheit  above  the  temperature' 
of  the  air  of  the  chamber,  the  water  in  the  glafs  bottle  em* 
ployed  only  SO  minntes  for  the  fame  change. 
lafotcBce*    '  It  appears  to  me,  that  the  refult  of  this  experiment  throws* 

great  light  on  the  myfterious  operation  of  the  commanicatioe- 
of  heat. 
Heat  IS  not  If  we  admit  the  hypothecs  that  hot  bodies  are  cooled,  not 

i^terili  fub^     ^^  lofing  or  acquiring  fome  material  fubftance,  but  by  the 
itance.  adion  of  colder  furrounding  bodies,  communicated  by  undii* 

lations  or  radiations  excited  in  an  etherial  fluid,  the  refults  of 
this  experiment  may  be  eaiily  explained ;  but  if  Ibis  hypo« 
thefis  be  not  adopted,  I  cannot  explain  them. 
Bod'es  are  not         It  might  perhaps  be  fufpeded  that  the  air  attached  by  a 
Jurroundingair.  certain  attradtion,  but  with  unequal  forces,  to  the  furiaces  of 
the  two  bottles,  might  have  been  (he  caufe  of  this  remarkable 
difference  in  the  time  of  (heir  cooling ;  but  thofe  who  will  take 
the  trouble  to  rcfledt  adentively  on  the  refults  of  the  experi- 
ments I  have  defcrtbed  in  a  preceding  memoir,  which  were 
made  with  a  view  to  clear  up  this  point,  wi(h  a  metallic  veflel 
firft  naked,  and  afterwards  with  one,  two,  four  and  five  coat* 
ings  of  varniih,  will  be  perfuaded  that  this  caufe  is  not  foffi* 
cient  to  explain  the  fads. 
All  metallic  vef-     By  a  courfe  of  experiments  made  at  Munich  laft  year,  of 
fame  difoofition  which  the  details  are  given  in  a  Memoir  fent  to  the  Royal 
Co  cool.  Society  of  London  *,  I  have  found  that  a  given  quantity  of 

hot  wa(er  included  in  a  metallic  veffel  of  a  given  form  and 
capacity,  always  cools  with  the  fame  quicknefs  in  the  airy 

*  See  our  Journal,  Vol.  IX.  p«  194. 

whatever 
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what«ver  may  be  the  metal  employed  (o  conflni6l  Ihe  ▼eflel ; 
provided  always  that  the  external  farface  of  the  veflfel  be  very 
clean,  and  the  temperature  of  (he  air  the  fame. 

In  order  that  the  cooling  (hall  be  efre6ted  in  the  fame  time.  The furface  only 
nothing  more  is  required  than  that  the  external  furfitce  of  the  ^^^  '*^ 

vcffei  be  truly  metallic,  and  not  covered  with  oxide  (or  other 
foreign  bodies. 

On  the  enquiry,  what  quality  all  the  metals  might  have  in  Thii  arifes  from 
common^  and  potfefs  in  the  fame  degree,  to  which  this  re-  J^^j^i^**^  ^ 
snarkable  equality  of  their  fufceplibility  of  cooling  might  be 
attributed,  I  found  it  in  their  opacity. 

The  rays  which  cannot  penetrate  the  fur&ce  of  a  body,  *»y  which  tfic 
mud  neceifarily  be  thrown  back  or  refleaed;  and  as  the  ^gyj  ""^ "  «^«^^- 
of  light,  which  have  much  analogy  with  the  invifible  calo- 
rific or  frigorific  rays,  eafily  penetrate  glafs,  though  they 
are  reflefted,  at  lead  for  the  greatell  part,  by  metallic  fur«> 
faces,  I  fufpeded  beforehand  the  refult  of  the  experiment 
with  the  two  bottles,  one  of  glafs  and  the  other  of  tinned 
iron. 

The  fiate  of  a  heated  body,  or  a  body  which  contains  a  U^ual  compari« 
certain  quantity  of  caloric,  has  been  compared  to  that  of  »  JjJ'tcr  ina' ** 
fponge  which  contains  a  certain  quantity  of  water,     Sup-fponjie. 
}>onng  this  comparifon  to  be  juR,  we  might  compare  the  lofs 
of  heat  by  the  emiflion  of  the  calorific  rays,  to  the  lofs  of 
water  by  evaporation.     Let  us  try  if  this  comparifon  can  fup« 
ply  us  with  the  means  of  throwing  fome  light  on  the  interefling 
(ubjeQ,  of  our  refearches. 

InHead  of  the  fponge  filled  with  water,  let  us  fubflitnte  The  fame  am* 
the  earth,  and  fuppofe  for  a  moment  that  the  earth  is  every  ?""**• 
where  equally  heated,  and  its  furface  in  all  parts  covered  with 
a  bed  of  the  fame  kind  of  foil  equally  nioif^. 

As  a  fquare  league  in  a  mountainous  country  contains  more  If  It  were  tnw^ 
furface  or  more  fuperficial  acres  than  a  fquare  league  fituated  woulW  cmitmoia 
in  the  plain,  it  is  evident  that  more  water  would  be  evaporated  heat  than  « 
from  the  whole  furface  of  the  earth  in  a  given  time  if  the  earth  ""^™  **"**• 
were  covered  with  mountains,  than  if  its  furface  were  an  im- 
menfe  plain,  and  confequently,  that  more  caloric  ought  to  be 
projected  from  the  furface  of  any  folid  body  broken  with  afpe- 
rit^s,  than  from  the  furface  of  another  body  of  the  fame  form 
and  dimendons,  which  is  fmooth  or  well  poliQied. 

This 
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Bat  the  faa$  This  reafoning  appears  to  me  to  be  juft,  and  if  I  am  not 
«e  con  ary.  deceived,  ihe  conclufionii  which  may  be  drawn  from  the  fafll* 
in  qiienion,  well  conHrmed  by  experiment,  ought  to  be  confi* 
dered  as  demonflrative.  I  have  taken  every  puflible  care  to 
e(kbli(h  ihefe  fadls;  and  the  refults  ot  all  my  experiments  have 
conftantly  (hewn  that  more  or  lefs  periVct  poiith,  or  the  greater 
or  lefs  brightnefs  of  the  furface  of  a  metallic  veiTel,  does  not 
fenGuIy  induence  (he  time  of  its  cooling. 
A  poljiKed  and        I  took  two  equal  veflbl:;  ut'  brafs  and  poli(bed  the  external 

?dSi'b?-'fs  J!^cd  ^"^^^^®  ®^  ^"^  °*  *^^™  *5  ^'^K^'y  ^^  pollible ;  and  I  deflroyed 
ID  the  fame  time,  the  poliih  of  the  other  by  rubbing  it  in  all  directions  withcoarfe 
emery.     When  thefe  two  vcifeU  wt*re  filled  with  hot  water,  I 
did  not  find  that  the  unpoiiilied  veirel  employed  more  or  left 
time  in  cooling  than  that  which  was  polilhed. 
•Cautloo*  I  was  careful  to  wath  the  furface  of  the  unpoliOied  veflei 

cffeflually  with  water  Ix'fure  the  experiment;  as  I  knew  that 
if  I  did  not  take  the  precaution  ot'  removing  all  the  dirt  which 
night  be  lodged  in  theafperiies  ot  the  lurtace,  the  prefence  of 
thefe  fmall  foreign  bodies  would  innuenco  the  rcfull  of  the  ex- 
periment in  a  fenfible  manner. 
A  rough  furface  We  ought  careiuliy  to  ditlinguifh  thofe  furfaces  which  appear 
may  reflet  as     unpoliQied  to  our  eyes,  but  which  in  faft  are  not  fo,  from  tbofe 

much  light  as  a        '^  ^     ' 

Imoother.  which  refiedl  liltlc  or  no  light. 

Merah  not  Icfs  It  is  mofc  than  probable  that  the  furface  of  a  metal  is  always 
jxflcttivcior  poliftied,  and  even  always  equally  fo  in  all  the  caics  wherein 
ll(h.  the  metal  is  naked  and  clear  and  clean,  nolwiihflanding  all  the 

mechanical  means  which  may  be  ufed  to  fcralch  its  furface  and 

break  the  glare  of  its  ludre. 
If  the  radrttion        Let  us  return  to  the  comparifon  of  the  evaporation  of  water 

©f  heat  dcfccnd   f^oni  the  lurface  of  the  earth,  wiih  the  emiffion  of  caloric  ra. 

Ml  lurrounding 

bodies,  it  will     dialing  from  the  furface  of  a  heated  body,  and  let  us  fuppoie 

be  of  no  confc-  for  an  inflant,  that  the  evaporation  of  the  water  from  the  fur- 
the  radiating  ^^^^  ^^  ^^^  earth  does  not  depend  on  the  heat  of  the  earth 
body  be  poiiibed  itfelf,  but  that  it  is  caufcd  merely  by  the  influences  of  fur* 
rounding  bodies,  as  for  example,  by  the  rays  of  light  received 
from  the  fun.  It  is  evident  that,  in  this  cafe,  the  evaporation 
could  not  be  fenfibly  greater  in  a  mountainous  country  than  in 
the  plain ;  and  by  an  eafy  analogy  we  fee,  that  if  hot  bodies 
be  cooled,  not  in  confequence  of  the  emillion  of  fome  material 
fubAance  from  their  furfaces^  but  by  the  pofitive  a^ion  of  rays 

feni 
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font  to  fhem  by  colder  furrounding  bodies  the  more  or  lefs  per- 
led  poli(h  of  their  furlaces,  ought  not  fenfibly  to  influence  the 
impidity  of  their  cooling. 

This  i|  precifely  what  all  my  experiments  concur  to  prove.    Expcnmcntt 

I  have  long  fought,  and  with  that  patience  which  the  love  ^^     *  '^*^" 
of  the  fciences  tnfpires,  to  reconcile  the  refults  of  my  experi- 
ments with  the  opinions  generally  received  concerning  the  na- 
ture of  heat  and  its  mode  of  adlion,  but  without  being  able  to 
fucceed. 

It  is  in  the  hands  of  two  of  the  mod  illuftrious  bodies  of/ 
learned  men  that  ever  exided  that  I  have  thought  it  incumbent 
on  roe  to  depofit  my  labours,  my  difcoveries,  my  doubts,  and 
my  conjedures. 

I  am  earneHly  defirous  of  engaging  the  philofophers  of  all 
countries  to  turn  their  attention  towards  an  objedt  of  enquiry 
too  long  neglected. 

The  fcience  of  heat  is  not  only  of  great  curiofityt  iirom  the  Importance  of 
multitude  of  a(loni(hing  phenomena  it  offers  to  our  contempla-  ^^^^"^ 
tioOf  but  it  is  likewife  extremely  interefting  from  its  intimate 
<:onne6tion  with  all  the  ufeful  arts,  and  generally  with  all  the 
mechanical  occupations  of  human  life. 

Without  a  knowledge  of  heat  it  is  not  poffible  either  to  ex- 
cite it  with  economy,  or  to  diredt  its  difierent  operations  with 
facility  and  preciHon. 

fThe  Remainder  in  our  next.) 


II. 

On  pure  Nickel,  difcovered  to  be  one  of  the  noble  Afettds,  and  am 
its  Preparation  and  Properties,     By  J,  B.  Ricutxb.* 

V^N  repeatedly  cry ftallizing  fulphate  of  ammonia  and  nickel.  Cobalt  (t^$mtti 
the  whole  of  the  cobalt,  an  extremely  fmall  quantity  excepted,  al^nU^lTiS**^ 
will  be  feparated;  but  after  this  there  dill  remains  fome  cop- nickel  by  re- 
per  mixed  with  the  fait.  I  have  already  announced  that  this  P**?*^  oyftiHi- 
metal  may  be  feparated  from  the  nickel  by  fubliming  the  latter  Copper,  by  fnb- 
with  fal  ammoniac;  but  at  that  time  I  had  never  obtained  *'"*"*«  ^''di iai 
pure  nickel.     With  the  compound  fait  of  nickel  and  ammonia 

*  Tranflated  from  the  Journal  de  Cblmii  of  Van  Mens,  vol.  VI. 
p.  183,  March,  ]805i  and  abridged  by  Van  Mens  from  the  Jiff- 
gmfeina  Jmmaldtr  Cbmif^  1804,  vol.111,  p.  244. 
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a  Ii(tle  arfenic  ftill  remains ;  and  there  may  be  iron  likewifef 
when  we  have  been  a  little  too  fparing  in  the  addition  of  nitric 
acid  to  the  fulpharic  folution  of  cobalt  containing  calx  of  nickel. 

I  endeavoured  to  feparate  thefe  extraneous  metals  in  the 
humid  way,  but  not  with  complete  fuccefs.  I  decompofed  by 
means  of  carbonate  of  potafli  the  triple  amrooniacal  fait  cf 
nickel,  free  from  ifon,  and  as  much  as  poilible  from  cobah: 
the  precipitate  ftill  was  vifibly  of  a  greenifli  blue.  Havrng 
edulcorated  it,  and  heated  it  to  rednefs,  it  chanfi^ed  its  coloDr^ 
as  it  lofl  its  carbonic  acid,  to  a  black ifh  gray,  which  however 
inclined  evidently  to  a  green.  The  water  of  edolcorxtion, 
X'vhich  had  a  greenifh  appearance,  was  evaporated  to  dryn^, 
and  the  refiduum,  after  being  heated  red  hot,  was  waihed 
again.  A  green  powder  remained,  which  did  not  lofe  its  co» 
lour  in  the  fire,  and  confifted  in  great  part  of  arfeniale  of 
nickel. 

I  mixed  each  of  the  two  refidoums  feparate?y  with  m  fifih 
part  of  charcoal,  and  expofed  them  to  the  heat  of  a  potter^ 
furnace  for  eighteen  hours  in  a  cnpel  with  a  little  porcelain 
gla2se.  The  metallic  buttons  obtained  differed  a  little  from 
each  other.  Each  endured  a  few  blows  with  a  hammer  withst 
out  cracking;  but  that  of  the  latter  refiduam  was  much  ttore 
white  and  fragile  than  that  of  the  former,  the  colour  of  which 
approached  that  of  ftecl  and  was  (lightly  reddilh.  They  were 
both  attacked  with  avidity  by  nitric  acid,  and  they  were  att 
tracled  by  the  magnet,  but  the  former  only  weakly. 

As  from  feveral  cffefls  on  porcelain  it  appeared  to  me  pro- 
bable, that  pure  nickel  was  a  noble  metai,  I  diilbived  afrefli 
in  nitric  acid  the  whole  quantity  reduced,  which  amounted  to 
feveral  ounces,  and  cva|K)rated  the  folution  to  drynefs.  I  then 
poured  water  on  the  faline  mafs,  and  a  beautiful  green  folution 
was  formed  ;  but  agreeniHi  white  refiduum  remained,  in  which 
I  eafily  detected  the  prefence  of  iron«  nickel^  and  arfenic 
acid. 

The  folution,  which  belide  arfenic,  contained  aconfidcrable 
portion  of  copper,  was  precipitated  by  carbonaie  of  potafb, 
and  the  reliduum,  the  colour  of  which  was  Aill  very  lively^ 
though  not  fo  green  as  that  of  carbonate  of  copperi  was  well 
waflied  and  expofod  to  a  white  heat.  This  changed  its  apple 
green  colour  to  a  deep  green  inclining  to  gray  and  brown. 
With  a  Aronger  beat  the  maf«  alTumed  a  grayer  browo>  and  at 

the 
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riic  fatm  lim«  appeared  lo  cottgulale.  There  were  [ikeviire 
)»orlions  of  reduced  melal  in  ll,  lliai  couM  not  be  midakc^n. — 
1  could  not,  liuH'cver,  aociimplini  its  fulion  in  a  Mind-rurnacv,  Vcrytc<iiflary> 
Airmounted  with  a  L-upcllBiitig  I'urnace  dome,  and  having  a 
long  chimney.  In  confc(|aence,  I  divideci  it  inio  fcveral  por- 
tion*, which  I  expofed  in  crucibles  Id  Ihe  llrungell  lical  of  a 
potter's  furnace,  in  which  capl'ulei  of  Ihe  inoS  refn&oty  ciay 
■rr  frequently  foflened. 

In  thofe  cmcibltis  which  were  placed  where   ihc  porcelain  T^tkA  In  the 
n  long«ft  faking,  the  matter  had  experienced  no  change  bul  a  ,™^*.  ""f^. 
coagulaiion.     In  ihe  other  crucibtea  il  hadcniered  into  com- uce, 
plele  fulton,  yet  not  into  a  liquid  ("ufion,  and  the  crnciblei  liad 
pRTtl^  experienced  Ihe  fame  tKk&.     Here  and  there  ki  Uie 
nehei)  tnafs  metallic  globules  were  fimnd,  (be  target  of  which 
were  (he  fizo  of  a  fmaH  nal,  and  the  leafl  that  of  a  cherry- 
Aone.     Tlieir  brilliancy  wa%  a  mean  between  that  uf  filver  atjd 
that  of  Engtilh  tin.     The  fcoria;  were  greenith  broivn.  miied  Scotur. 
wth  81)  amethyft  colour,  and  in  fomc  placet  a  deep  blue  eit- 
llrely  likefufedoxideuf  cubalt.     The  brown cokiurarofe  from 
Ihe  oxide  of  copper,  which  waicumpleiely  viirilied,  and  the 
bhie  from  that  of  cobalt.     The  greeni  on  the  contrary,  pm.  Arrtnitu  of 
'ee«ded  from  arfeniatc  of  nickel,  which,  as  I  have  learned  by  ""'"'■ 
experience,    fjrongly   refills  fudoHi  without  the  addition  of 
feme  combufiible  fobfiance. 

I  Bllempted   lo   hammer  the  mefallrc  globules  on  an  anvil,  The  meW  nwl. 
and  to  my  great  fatlsfaflion  I  found  that  they  pofielTed  confidcr-  |j^'nrt]'".' 
«bTe  malleability.     They  were  eagerly  altni&ed  by  the  mag- 
net. 

A*  it  wan  impolTible  lo  feparate  Ihe  fcorie  with  the  hammer  Re-fufoa. 
from  the  little  globules  lo  which   they  adhered,  I  colle£led 
Ihem  together  by  trituration  and  decantation,  and  expofed  lliem 
to  Fufion  afrefh.     It  wat  again  complete  only  in  the  placet  of 
Ihe  furnace  mofl  healed. 

Convinced  from  thefe  refults,  (hat  nickel  is  reducible  in  Ihe  Raioced  ««li- 
ttn  without  the  addition  of  Bny  combuftible  matter,  I  at- "j,"' '''^" 
tempted  lo  reduce  fome  oxide  of  this  metal,  obtained  by  the 
decompuGtinn  of  the  triple  ammoniacal  fait  of  ritkd,  which 
during  an  uninterrupted  labour  of  eighteen  montht,  I  had  pro- 
cured in  a  very  large  quantity.  Onihisoccalion  thufamephe. 
iramtna  oceuned  b>  in  the  preceding  redudiuii.f. 

I  repeated  the  melting  till  the  metal  bad  undergone  &  C«m-  A  button  of  u 
^le  furiOT,  and  wai  foumJ  collected  together  in  a  button  at  "''Ji"„7'' 
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the  boCtom  of  the  crucible.    In  one  crucible  which  had 
expofed  to  the  (Irongeft  heat»  I  obtained  abatton  thai  weighed 
an  ounce  and  a  half. 

I  was  lefn  fuccefiful  in  my  fuiion  when  I  mixed  the  oxide  of 
nickel  with  porcelain  glase,  or  when  I  fimply  covered  it  with 
this  glaze;  fo  that  I  was  convinced  the  bed  proceft  was  to  re- 
duce the  oxide  of  nickel  diredly. 

After  much  time  and  patience^  I  fucceeded  in  obtaining  fe* 
veral  ounces  of  nickel^  which  I  muft  conitder  as  abfoluteljr 
pure,  and  I  (ball  now  proceed  to  defcribe  the  principal  Gfa»->' 
radlers  (hat  I  have  perceived  in  it  in  this  (late. — ^To  begin 
with  the  external  charaders. 

The  colour  of  pure  nickel  is  a  mean  between  filver  and  tie. 

It  undergoes  no  alteration  either  from  the  air  of  tlie  atmoP' 
phere  or  from  the  water  in  it :  in  other  words  it  u  infuibeptiUe 
of  being  oxided  by  the  air. 

It  is  perfedly  malleable;  as  it  may  not  only  be  forged  into 
bars  when  red  hot,  but  hammered  on  the  anvil  while  cold  into 
very  thin  plates.  This  charafter  removes  nickel  from  the  dafs 
of  iemi-metals  to  that  of  perfect  metals. 

lis  denfity  or  fpecific  gravity  is  pretty  condderable:  firoar 
repeated  experiments  with  my  hidrometer  call  nickel  weight 
8.279,  and  forged  nickel  8.666. 

Its  tenacity  likew  ife  appears  confiderable,  to  judge  from  its 
great  du6lility.  A  piece  of  cafl  nickel,  weighing  five  drams 
allowed  itfelf  to  be  flattened,  but  not  without  cracking,  into 
a  plate  of  1 3  fquare  inches  Rhynland  meafure,  which  gtvet 
Icfs  than  tqts  of  ^^  ii^ch  for  its  thicknefs.  It  might  probably 
be  drawn  into  a  wire  of  the  fame  tenuity. 

The  refiQance  of  nickel  to  fuiion  is  very  confiderable,  and 
equals^  if  it  do  not  furpafs,  that  of  roanganefe.  The  reader 
may  have  obferved,  from  my  attempts  to  fufe  it,  how  diflScuh 
it  is  to  obtain  any  thing  deciiive  on  this  head. 

At  a  temperature  fufliciently  high  the  pure  oxide  of  nidid 
is  reducible  without  the  addition  of  any  combuftible  matter. 
Its  great  refidance  to  fufion  is  the  only  caufe  why  this  reduc« 
tion  prefents  fo  many  difficulties.  Very  little  oxidation  too  is 
perceptible  on  keeping  this  metal  in  a  flate  of  incandefceoce : 
it  is  iperely  tarnlQied  a  little  more  than  platina^  goldi  orfilvefp 
Nickel  therefore  belongs  not  to  the  clafs  of  perled  mcttfb 
merely,  but  to  that  of  noble  metals. 

The  aftion  of  the  magnet  on  nickel  ig  not  osdy  my  confi- 
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ible»  and  lUlle  inferior  to  that  on  iron;  but  nickel  beconscf 
f  magnetic<Ll,  or  acquires  polarily,  by  the  touch|  and  even 
wrt  by  (Irikin^  it  with  a  hamnter,  or  tiling  it,  with  the  pre- 
lions  fuitable  for  producing  this  cffed!.     I  difcovered  the 
sr  property- by  prefenting  to  the  magnet  a  flip  of  forged 
eel;  when,  notwithf^andlng  it  was  poliflicd  by  the  file,  it 
«red  more  feebly  (o  the  magnet  than  other  flips  Icfs  poliflied ; 
en  my  prefenting  its  other  extremity  to  the  magnet^  it  ad* 
td  to  it  with  great  force.     It  like  wife  attracted  by  cither 
\  not  only  iron  needles,  but  plates  of  nickel  half  an  inch 
ace,  which  it  caufed  to  move  about  on  a  fmoolh  table. 
The  propecty  which  nickel  pofleflTes  of  becoming  magnetic  '^'  niagnet'.c 
lOi  deflroyedf  though  weakened  by  its  alloy  with  copper;  Jnp5^\,J  copLw 
arfenic  deflroys  it  completely.     I  had  frequent  opportuni*  deftio^ed  by 
of  making  this  obfervat ion  in  the  courfeof  my  experiments.  ||Jj*^^j^g  ,-j 
ne  nickel,  from  which  I  had  ffparaled  the  iron*  and  the  malleable  in  pre- 
mie in  the  humid  wav,  and  which  I  had  afterwards  reduced  P***^'®"  ^^  '^ 

purity, 

h  the  addition  of  a  combufiiblc  (ubflance,  was  malleable, 

I  lUtradled  the  magnet,  though  not  fo  forcibly  as  pure  nickel. 

e  fame  metal,  puriHcd  with  lefs  care,  was  lefs  malleable^ 

I  propurlionally  lefs  attradtable  by  the  magnet.     Repealed 

raTure  of  the  metal  to  the  mofl  powerful  heat  of  a  porcc* 

I  furnace  did  not  in  the  leafl  rcflore  to  it  this  property. — 

Be  experiments,  which  I  fliall  hereafter  relate,  have  con*  Copprr  muft  bt 

ced  me,  that  copper  cannot  be  entirely  feparated  from  ^P*""^  ^f 

M  in  the  humid  way,  and  that  the  only  means  of  ftrparat- 

lliem  is  to  reduce  the  cupreous  oxide  of  nickel  by  fire. 
The  fulphnric  and  muriatic  acids  have  little  adtion  upon  Acllonof  tke 
kd.     The  oxide  of  this  metal  by  the  air  does  not  diflblve  *^1'  "P''" 
m  in  the  latter  of  thefe  acid^  without  the  afliflance  of  a 
mg  ebullition.     The  mofl  appropriate  folvents  of  nickel  are 
t  niftic  and  nitro-muriatic  acids.     I  have  already  mentioned, 
t  impure  nickel,  particularly  the  cupreous  is  attacked  by 

nitric  acid  with  heat  and  vivacity.     Thea^iion  of  the  fame 
d  on  pure  nickel  is  a  little  difierent,  and  particularly  on  the 

*  The  feparation  of  the  iron  fucceeds  beft  by  a  rapid  evapointioD  Bed  mo^  of 

the  nitric  folution  of  the  ferruginous  nickel,  by  which  the  iron  f<^^^^"S '^  ^<oA 

mcipittted  in  the  form  of  an  infoluble  oxide.    At  the  fame  time  "^"* 

ittle  arieaic  it  feparated  in  union  with  the  iron.    It  is  preferable, 

ivever,  to  feparate  the  arfenic  firft,  which  is  efieAed  by  the  help 

a  nitric  folution  of  lead.    The  lead  b  afterward  to  be  precipi* 

id  by  a  ielution  of  fulphatt  of  potafli* 
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hammered  metal.  I  have  poured  nilric  acid  on  nickel  both  ifi 
buttons  and  laminated^  expecting  a  very  adive  folution;  but 
it  has  proceeded  flowly,  and  I  have  even  been  obliged  to  have 
recourfe  to  the  heat  of  a  fpirit  lamp  to  accelerate  it.  ThediC- 
folulion  however  having  appeared  to  ceafe,  I  decanted  the 
liquid  and  poured  on  llie  refiduum  a  frefli  quantity  of  acid  of 
the  fame  (Irength  as  the  preceding,  when  on  a  fadden  fuch  a 
brilk  ucllon  eatiic  on,  accompanied  wilh  the  evolution  of  heat  *« 
that  I  could  not  remove  the  capfule  to  the  fire-place  quickly 
cnou};h. 

I  fliall  now  go  on  to  cnnfidcr  fome  of  the  charaflers  of  pure 

nickel  in  ihe  ftalc  of  oxidation. 

CliaTa^fn  flf        The  nitric  folution  of  pure  nitkel  has  a  beautiful  grafs-green 

Mine  of  nickel.  j^Qi^yr.     Carbonate  of  potafli  feparales  from  it  a  pale  apple 

Piecip-tace  very  green  precipilaLc.     This  precipitate  well  washed  and  dried 

is  very  light.    A  ihoufand  parts  of  metallic  nickel  reduced  to 

this  prccipilale  weigh  2,927  parts. 

If  this  precipitate  be  cxpofcd  to  a  white  heat  it  becomei  of 
a  biackiQi  gray,  fcarcely  inclining  to  green,  and  weighing 
only  1 ,2S5.  On  continuing  the  fire,  the  mafs  approach^  the 
nu^tailic  (late  mure  and  mure,  and  becomes  magnetic.  This  is 
effect L'd  much  mure  fpcedily  if  the  oxide  be  moiflened  with  a 
little  oi). 

On  adding  cauftic  ammonia  in  excefs  to  a  nitric  folution  of 
nickel,  a  precipitate  is  formud,  reiembling  in  colour  ammoni- 
ure  of  copper,  but  not  fo  deep.  This  colour  fometimes 
changeN  in  a  couple  of  hours  to  an  amethyfl  red,  and  to  a  vU 
olot,  which  colours  arc  converted  into  an  apple-green  on  the 
aiUlilion  of  an  aciJ,  and  again  (o  a  blue  and  violet  on  the  ad- 
dition of  ammonia.  If  huvvervcr  \%e  add  to  the  folution  of 
nickel  a  folution  of  copper,  fo  as  to  produce  no  perceptible 
change,  the;  colour  of  tiie  precipitate  formed  by  ammonia 
ccafes  to  all'uinea  red  tinge,  and  the  red  colour  of  the  ammo* 
niure  of  nickel  difappears  on  the  addition  of  a  little  ammoni- 
ure  of  copper;  whence  it  follows,  that  every  precipitate  of 
nickel  by  amnion iuf  which  retains  its  blue  colour,  has  copper 
combined  with  it. 

Its  being  s  noble  *  From  this  it  is  difScult  to  believe  that  nickel,  undtr  favoor- 
ncul  ^ucilion-  ai^ie  circuinftances,  would  not  btfcome  oxidcd  by  the  combined  in* 
^*  fittCQce  of  air  and  fire.  Van  Moms. 
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I.  Utility  of  Inncjligatioarttating  tothe  ilnaljifii "f  Soilt. 


I  RE  methoijs  of  improving  lands  are  immediately  connefled 
*rilh  Ihe  knowleilgc  of  tlie  cliemical  nature  of  roii!>,  Bn^  ex- 
periments on  Iheir  comparnian  appear  capable  of  many  ufeful 
"■pplication}. 

The  icRporlance  of  iliis  fubjefl  ha(  been  alfeady  fell  by  fun 
very  able  culllfatnr^  of  fcience  ;  many  ufeful  fadlt 
valioiK  with  regard  to  it  have  been  furnifhed  by  Mr.  Young ;  Yju'rg,  Lord 
it  has  been  examined  by  Lord  Dondonald,  in  hij  Irealife  on  ^"^^^ 
the  connexion  of  Cticmiftry  with  Agriculture,  and  by  Mr. 
Kiftvan  in  his  excellent  elTay  on  Manures :  but  tlie  enquiry  ii 
Aill  tar  from  being  exhaiiJIed,  and  new  melhads  of  elucidating 
ll  are  alrooft  coniinualiy  offered,  in  confequence  of  llie  rapid 
"progrefi  of  chemical  dilcovery. 

■  In  ihe  Toltiiwing  pages  1  (hall  have  Ihe  honour  of  laying 
before  the  Board,  an  account  of  ihofe  melhodt  of  anal^Hng 
4btt)  which  appear  mofl  ptecife  and  flmple,  and  moH  likely  to 
to  be  ufeful  lo  the  piaflical  farmer  j  ihey  are  founded  partly 
-Upon  the  laboun  of  (he  gen  lie  men,  whofe  names  have  been 
juA  mentioned,  and  partly  apon  fome  later  iroprovemeoli. 

IL  0/  the  Subfiancufovnd  in  SoUi. 

The  fubdance*  which  are  found  in  fuils,  are  certain  mixture!  Solli  conckn 
m  combinaiinm  of  fome  of  the  primitive  earths,  animal  and  "j*",','  "^^ 
vegetable  matter  in   a  decompofing  flaie,  certain  faline  com- remiim,  filiaa 
poundi,  and  Ihe  oxide  of  iron.     Thefe  bodiei  alway*  •f'»'i' '".^^^^"J.'i," 
water,  andexift  in  very  different  proportions  in  difft;rent  lands; 
and  Ihe  end  of  mnntytical  experiments  is  the  detediun  of  tbeir 
quantities  and  mode  of  union. 

The  eiiillu  found  in  common  foils  are  principally  filex  or 
ibeearlh  of  dmli,  alumine  or  the  pure  matter  of  clay,  lime, 
or  calcareous  earth,  and  magnelia. 

Silex,  or  the  earth  of  flini«.  when  perfeQIy  pure,  appear*  in  Silet. 
the  form  of  a  while  powder,  which  is  incombuHible,  infullb'e. 
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AluBune* 


Lime. 


•  •     .  tm 


Magnefia* 


Animal  decom* 
pofing  matter. 


Vegetable  de- 
oompofiog  mat 


Cer. 


Saline  com* 
poundi« 


infolublc  in  water,  and  not  a£led  upon  by  common  acids ;  it  is  the 
fubftance  which  conditutes  llje  principal  part  of  rock  cbryiial; 
it  compofcs  a  confiderabie  part  of  hard  gravelly  foils,  of  hard 
Jkndy  foils,  and  of  hard  Hony  lands. 

\  Aiumine,  or  pure  tlay^  in  its  perfe6l  fiate  is  white  like  filex  ; 
it  adherca-ftronglyluktle' tongue,  is  incorabuflible^  infoloblifc  in 
water,  but  foluble  ip  acids,  and  in  fixed  alkaline  menfinuu 
It  aboutid^  th'od  in  clayey  foils  and  clayey  loams ;  but  even  in 
ihQ  fmallefl  particles  of.  th^fe  foiU  it  is  ufually  united  to  (ilex 

isnd  oxide  of  iron.  ., 

•   ■■'■''*'''i'i. 

Lime  is  the  fubfl^nce  well  known  in  its  pure  ils^te  under  the 
name  of  qiiickirme.  *  }t  always  exiifls  in  foils  in  combinatioo^ 
and  that  principally  wj^i>  fixed  air  or  carbonic  acid,  when  it  is 
called  carbonate  of  lime;,  a,  fubftance  which. in  the^moft  con^ 
pa6t  form  conflitutes  pi^rble.  |ind  in  its  loofer  form  chilly 
Lime«  when  combined  with  iulphuric  acid  (oil  of  vitriol),  prfl|* 
duces  .fulphate  of  lio^e  (gypfum),  and  with  pbofpboric.8ci4 
phofpbate  of  lime.  The  carbonate  of  lime,  mixed  with  other 
fubHances,  coropofes  cjl^alky  foils  and  in^T\c9^  ^nd  it  it  found 
in  foft  fandy  foils.  :    ,     .        . 

Magncfta,  wheii  pure,  appeiirs  as  white^  ai^d  in  a  lighter 
powder,  than  any  qf  .the  oiher  earths ;  ii  .is^fdublc  in  acid, 
but  not  in  alkaline  menflrua;  it  is  rarely  found  in  foils;  when 
it  does  exifl,  it  is  cither  in  combination  with  carbonic  acid* 
or  with  (ilex  and  alumine. 

I 

Animal  dtcompnjlng  matter  exifis  in  very  di^erent  dates,  aO> 
cording  as  the  fubflances  from  which  it  is  produced .fu;e  difler- 
enl ;  it  contains  mucH  carbonaceous  fubflance,  and  may  be 
principally  refolved  by  beat  into  this  fubftance.  Volatile  alkali, 
inflammable  aeriform  products,  and  carbonic  acid;  it  is  prin« 
cipally  found  in  lands  that  have  been  lately  manured. 

Vegetable  decompofing  matter  is  likewife  very  various  in  kind» 
'  it  contains  ufually  more  carbonaceous  fubftance  than  animal 
matter,  and  differs  from  it  in  ti)e  refults  of  its  decompoGtioa 
principally  in  not  producing  volatile  alkali ;  it  forms  a  great 
proportion  of  all  peats ;  it  abounds  in. rich  mould,  and  is  found 
in  larger  jor  fmaller  quantities  in  all  lands^ 

The  /aline  compounds  found  in  foils  are  very  few,  and  in 
quantities  fo  fmall,  that  they  are  rarely  to  be  difcovered. 
They  are  principally  muriate  of  foda  (common  fait),  fulphate 
of  magnefia  (Epfom  fait),  and  muriate  s^od  fuJphate  of  potalb, 
nitrate  of  lime,  and  the  mild  alkalies. 

the 
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The  oiiJe  ef  iron  h  ihe  fame  wilh  the  ruft  prodaccd  by  0»ide  of  iron, 
espofing  iron  to  ihe  air  and  wttrr ;  i(  is  <i>UTid  in  all  Tolls,  but 
is  rood  Bbundaiil  in  yellow  and  red  clays,  and  in  yellow  and 
red  filiceous  fand'. 

A  more  minulc  account  of  there  different  fubflanceit  would 
be  iocompaiible  wiih  Ihe  objefl  of  ilii^  paper.  A  lull  de- 
Icripiion  of  iheir  properiiet  and  agencies  mny  be  found  in  llie 
ekmentary  booki  on  cbemiflry,  and  particularly  in  ihc  Syllem  of 
Chemiflry  by  Dr.  Thornton  (2il  Ed.) :  «nd  in  Henry's  Epiloma 
of  CbemiAry. 

III.  Injlrumtntt  rer/uind/or  the  Anal^s  t^  Soils. 

The  really  imporUnt   indrumenls   required  Fur   the  analytic  InKninicntf  fit 
df  forli  are  lew,  and  but  liiile  expeiifive.     Th»y  are  a  balance  ""'y^-    *  W* 
npable  o!  containing  a   quarter  of  a   pound  of  cnmnion  foil,  f,,,,,  Um^, 
•nd  capable  of  turning  when  loaded,  wiih  a  grain  j  a  feric*  boitici,  tru- 
«f  weight!  from  a  qiiarier  of  a  pnund  Troy  to  a  grain;  a  wire   '°'^^  mortir' 
Jieve,  fufficienlly  cnatfe  to  admit  a  pepper  corn  through  iitfiirt".  knjf«,   ■ 
»perlure»;  an  Argand  lamp   and   Hand;   fome   glafs  boltW«  ; 'PP' •"' *'*"• 
Hallian   crucibles;    porcelain,    or   queen's   ware   evaporating 
fcafi>n«;  a  Wcdgewogd  pellle  and  moriar;  fome  fillers  made 
of  half  a.  (beet  of  bloiiing  paper,  loldeil  lu  as  |u  coniain  ■ 
pint  of  liquid,  and  greafcd  at  Ihc  edges ;  a  bone  knife,  and 
■n  appaiatm  for  colle6iing  and  meafuring  actltorm  fluids. 
■   The  cheniica!  fubilaiices  or  reagents  required  for  fcparaling  Re-ip-nti. 
the  cnnllilucnt  pans  of  the  foil,  are   muriatic  acid   (fpirit   ol  Mur.  >nd  fnlp. 
fall],  fulphuiic  acid,  pure  volatile  alkali  dillblved  iti  waier, "'  'flfjiii' t*! 
fblultcm  of  prulTialc  of  polalh,  foap  lye,  foluiiun  of  carbonate  Ijr,  inli.  imuia 
of  ammoniac,  of  muriate  of  ammonia,  foluiion  of  neulrsl  cJr-^"^  "J™" 
bonale  of  polalh,  and  nitrate  of  amraoniac.      An  accounl '^f  oiu.  uom. 
the  nature  of  ihefe  bodies,  and  their  effids,  may  be  fbund 
in  the  chemical  work*  already  noticed;  and  Ihe  reageiil<  are 
fold  together  with  the  inllrumenis  mentioned  above,  by  Mr. 
Knighl,  FoHct  Lane,  Cheaplide,  arranged  in  an  appropriate 
cheft. 

IV.  Mode  of  colle&ing  Soih  /or  Ana'yfii. 

In  cafci  when  ihe  general  nature  of  the  foil  of  a  field  ii  to  How  fnnplei  of 
be  afcertained,  fpetimens  of  it  (liould  be  taken  Irom  ditTereni*^^''' '" >"*• 
places,  two  or  three  inches  below  the   furlace,  and  examined 
ai  to  Ihe  limilarity  of  their  properties,     li  fomelimes  happens, 
that  upon  plaint  Ihe  whole  uf  the  upper  fUalum  of  llie  Und  is 
G2  o£ 
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of  Ihe  fame  kind,  and  in  thit  cafe,  one  analyfis  will  be  ftffR* 
cienl ;  but  in  vallies,  and  near  the  beds  of  rivers,  there  are 
very  great  differences,  and  it  now  and  then  occars  that  one 
part  of  a  field  is  calcareous,  and  another  part  filiceous ;  and^ 
in  this  cafe,  and  in  analogous  cafes,  the  portions  diflferent 
from  each  other  lliould  be  feparately  fubmitted  to  experiment* 
ana  prefenred  if  Soils  when  collcAed,  if  they  cannot  be  immediately  ex- 
needful,  amined,  fhould  be  preferved  in  phials  quite  6Iled  with  ihem« 
and  clofed  with  ground  glafs  (toppers. 

The  quantity  of  foil  mofl  convenient  for  a  perfed  analyfis, 
is  from  two  or  four  hundred  grains.     It  (hould  be  colleded  in 
dry  weather,  and  expofed  to  the  atmofphere  till  it  becomes  dry 
to  the  touch. 
The  fpecific  The  fpecific  gravity  of  a  foil,  or  the  relation  of  its  weight 

snvicy  (q  l[^^^  of  ivater,  may  be  afcertained  by  introducing  into  a 

phial  I  which  will  contain  a  known  quantity  of  water*  eqnaL 
volumes  of  water  and  of  foil,  and  this  may  be  eafily  done. by 
pouring  in  water  till  it  is  half  full,  and  then  adding  the  foil 
tiil  Ihe  fluid  rifcs  to  the  mouth  ;  the  diflference  between  the 
weight  ot  the  foil  and  that  of  the  water,  will  give  the.  refult. 
Thus  if  the  bottle  contains  four  hundred  grains  of  water,  and 
gains  two  hundred  grains  when  half  filled  with  water  and  half 
wiih  foil,  the  fpcciiic  gravity  of  the  foil  will  be  2,  that  is,  it 
will  be  twice  as  heavy  as  water,  and  if  it  gained  one  hundr^ 
and  (i\ty-livc  grains,  its  fpecific  gravity  would  be  1825,  water 
being  1000. 
ti  of  importance     It  is  of  importance,  that  the  fpecific  gravity  of  a  foil  fii.oold 
to  be        °*      be  knowni  as  it  affords^  an  indication  of  the  quantity  of  animal 
and  vegetable  matter  it  contains;  thefe  fubflances  being  always 
mofl  abundant  in  the  lighter  foils. 
Oihrr  phyfical        The  Other  phyfical  properties  of  foils  fliould  likewife  be  ex- 
ffuuertica.         amined  before  the  analylis  is  made,  as  they  denote,  to  a  cer- 
tain exteoti  their  compolition,  and  ferve  as  guides  in  direding 
(he  experiment.*;.    Thus  filiceous  foils  are  generally  rough  to 
tiie  touch,  and  fcratch  glafs  when  rubbed  upon  it ;  aluminoai 
foils  adhere  flrongly  to  the  tongue,  and  emit  a  flrong  Earthy 
fmell  when  breathed  on;  and  calcareous  foils  are  foft,  and 
much  lcr>  adhclive  than  aluminous  foils. 
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V.  Made  ttf  a/certaining  the  Quantity  of  if'altr  nf  Ahjtirption 

in  Soils. 
SoiU,  (hough  8t  dty  at  they  can  be  made  by  conlinued  ex-  Enpeminn  of 
pofaie  lo  air,  in  all  cafes  flill  contain  a  conliderable  quaniiE^  ■'"  't''*^'' 
of  water,  which  adheres  with  gical  obflinacy  lo  ilie  earllts  and  ,1,  i,uliniiiy  ,o 
xnimal  and  vegetable  mailer,  and  can  onij-  be  driven  uir  from  '^^'''■ 
Ihem  by  a  conliderable  degree  of  heat.     The  6tll  pioceli  ol 
•Dalylis  is,  lo  free  ihe  given  weight  oF  foil  from  as  much  uf 
Itiii  Wdler  as  poQible,  without   in  otiier  relpeds,  affi^cling  its 
coropolition  i  and  this  maybe  done  by  heating  il  lur  ten  or 
twelve  rniniites  ofer  an  Argand's  lamp,  in  a  bafon  of  porce- 
lain,  to  a  temperature  equal  to  SUO  *  Fahrenheit ;  and  in  catu 
a  thermometer  is  not  ufed,  the  proper  degree  may  be  eslily 
■fcerlained,  by  keeping  a  piece  of  wood  in  contaft  with  the 
bottom  of  Ihe  di(h';  as  long  a^  the  colour  of  the  wuud  reniauii 
tinallcred,  the  heat  ii  not  too  high ;  but  when  the  wood  begins 
fo  be  charred,  the  procefs  muH  be  Hopped.     A  fmall  quantity 
of  water  will  perhaps  remain  in  the  toil  evep  after  this  opera- 
lion,  but  il  always  afibrds  ufeful  comparative  refults  J  and  if  a 
higher  temperature  were  employed,  the  vegetable  or  animal 
platter  would  undergo  decoropofilion,  and  in  cqnfequenve  ll^ 
experiment  be  wholly  unfalitfa^ory. 

The  lofs  of  weight  in  (he  procefi  fliould  be  carefully  Doled,  On*  e^jhiL  it 
jnd  when  in  lour  htindred  graini  of  foil  It  reaches  ai  high  9*  »"  ""vof  pio- 
30,  the  foil  may  be  confidcred  as  in  the  greatell  degree  abfor-       '    ' 
beni,  and  retentive  of  water,  and  will  generally  be  found  to 
contain  a  large  proportion  of  aluminous  earth.    When  the  lofs 
is  onTy  from  20  lo   10,  the  land  may  be  conlideced  as  only 
flightly  abrarbcnt  and  retentive,  and  llie  lilicious  earth  a<  niuil 
abiindanl. 

VI.  Of'  lilt  Separation  of  Stonts,  Gravel,  and  ngetahlc  Fibret 

from  Mb. 
None  of  ihe  loofe  flones,  gravel,  or  largo  vegetable  fibres  Sionn,  *<,  to 
llioold  be  divided  from  the  pure  foil  till  after  the  water  is  drawn  ^^  ^",1""''?  '^' 
oH'j  for  thcfe  bodies  are  ihenifclves  often  b'ghly  abforbenl  and  «*,  '  ^ 

retentive,  and  in confequence  inflacnce  the  fertility  uf  ihe  land. 

•  In  fevcril  cxperimtnts,  in  which  this  proccfi  ha«  been  cairicd 
on  by  diftillilion,  1  have  found  the  wal«r  that  came  ovrr  pure,  and 
uo  feafible  quanuiy  of  olbcr  volaiile  matter  was  produced. 

Tb0 
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The  next  procefs^  however,  after  that  of  heating,  flionld  be 
their  fepai'ation,  which  may  be  eafily  accompliflied  by  the 
fieve,  after  (he  foil  has  been  gently  bruifed  in  a  mortar.  The 
weightit  of  the  vegetable  fibres  or  wood,  and  of  the  gravel 
and  (lones  fliould  be  fcparately  noted  down,  and  the  natore 
of  the  lad  afcertained ;  if  calcareous,  they  will  cffervefcc  with 
acids ;  if  (iliceous,  they  will  be  fufficiently  hard  to  fcratch 
glafs ;  and  if  of  the  common  aluminous  clafs  of  (lones,  they 
will  be  fo^,  eafily  fcratched  with  a  knife,  and  incapable  of 
effervefcing  wiih  acids. 

VII.  Separation  t(f  the  Sand  end  Clay,  or  Loam,  from  escft 

othetm 

Sand,  day,  and     The  greater  number  of  foils,  besides  gravel  and  ftonesi  con- 

from  c*]^h*^cr  **^"  '^''S®^  ^^  fmaller  proportions  of  fand  of  diflR;rcnt  degrees 
by  dotriatjon.    of  finenefs ;  and  it  is  a  neceffary  operation,  the  next  in  the 
proccfs  of  analyfis,  to  detach  them  from  the  parts  in  a  ftate 
of  more  minute  divilion,  fuch  as  clay,  loam,  marie,  and  ve- 
getable and  animal  matter.    This  may  be  effected  in  a  way 
fufficiently  accurate,  by  agitation  of  the  foil  in  water.     In  this 
cafe,  the  coarfe  fand  will  generally  feparate  in  a  minute,  and 
the  finer  in  two  or  three  minutes,  whilfl  the  minutely  divided 
earthy,  animal,  or  vegetable  matter  will  remain  in  a  (late  of 
mechanical  fufpenfion  for  a  much  longer  time ;  fo  that  by 
pouring  (he  water  from  the  bottom  of  the  veffel,  after  one, 
two,  or  three  minutes,  the  fand  will  be  principally  feparated 
from  the  other  fubftances,  which,  with  the  water  containing 
them,  mud  be  poured  into  a  filter,  and  after  th6  water  has 
palfed  through,  colledled,  dried  and  weighed.     The  fand  mud 
likewife  be  weighed,    and   their  refpedive  quantities  noted 
down.      The   water  of  iixiviation   mufl  be  preferved,  as  it 
will   be  found  to  contain  the  faline  matter,  and  the  folublo 
animal  or  vegetable  matters,  if  any  cxifl  in  the  foil. 

VIII.  Examination  of  the  Sand, 

The  fand  fepa-       By  the  procefs  of  wafliing  and  filiration,  the  foil  is  feparated 

"^uVwd  cl:ca-'"^°  ^^^  portions,  the  mod  important  of  which  is  generally  the 

reous.  finely  divided  matter.    A  minute  ana!)  (i'?  of  the  fand  is  feldom 

or  never  neceffary,  and  its  nature  may  be  deteded  in  the  fame 

manner  as  that  of  the  dones  or  gravel.     It  is  always  either 

fiiicious  (and,  oc  calcareous  land,  or  a  mixture  of  both.    If  it 

confifii 
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ednfiHi'wfionjr  of' carbonate  of  Hme,  if  will  be  rapid!/  folubic 
m  muriatic  acidt  with  ^ervefcence;  but  if  it  confifi  partly  of 
this  fabftance,  and  partly  of  fiFkreous  matter,  the  refpedive 
quantities  may  be  afcertained  by  weighing  the  refidaum  after' 
lbe«£lion  of  the  acid,  which  muft  be  applied  till  the  mixture 
Jima acquired  a  four  tafte,  and- has  ceafed  to  effcrvefce.  This/ 
reiiduum  is  the  (ilicious  part :  it  mud  be  wadied,  dried,  antf 
heated  ftrongly  in  a  crucible;  the  difference  between  the  weight 
of  it  and  the  weight  of  the  whole,  indicates  the  proportion  of 
calcareous  fand. 

IX.  Exanumtion  of  the  finely  divided  Matter  of  Soils,  and  Moid 
qf,  deteding  mild  Lime  and  Magnefia, 

'   The  finely  divided  matter  of  the  foil  is  ufually  very  compound  The  finely  di- 
ii)  its  nature;  it  fometimes  contains  all  the  four  primitive  earths  treited. 
of  foils,  as  well  as  animal  and  vegetable  matter ;  and  to  afcer- 
twn  the  proportions  of  thefe  with  tolerable  accuracy,  is  the  mod 
difficult  part  of  the  fubje6t. 

The  firft  procefs  to  be  performed,  in  this  part  of  the  analy  fig,  Muriatic  add  ' 
is  the  expofure  of  the  fine  matter  of  the  foil  to  the  aftion  of  the  mag^Jfij  ^^^ 
nariatic  acid.    This  fubftance  fhould  be  poured  upon  the  earthy  iron. 
natter  in  an  evaporating  bafon,  in  a  quantity  equal  to  twice 
the  weight  of  the  earthy  matter;  but  diluted  with  double  its 
volume  of  water.    The  mixture  fhould  be  often  (iirred,  andT 
fvL&ertd  to  remain  for  an  hour  or  an  hour  and  a  half  before  it  is 
examined. 

-  IF  any  carbonate  of  lime  or  of  ma^nefia  exifi  in  the  foil, 

they  will  h&vc  been  diflblved  in  this  time  by  the  acid,  which 

fnnetimes  takes  up  likewife  a  little  oxide  of  iron;  but  very 

leldom  any  alumine. 

The  fluid  fhould  be  paflfed  through  a  filler;  the  folid  matter  Precip.  of  iron 

eolleaed,  wafhed  with  rain  water,  dried  at  a  moderate  heat,  ('^^^  P.[*jJ||^).  .^3^ 

and  weighed.     Its  lofs  will  denote  the  quantity  of  folid  matter 

taken  up.    The  wafliings  muft  be  added  to  the  foluliou,  which 

if  not  four  to  the  tafie,  muft  be  made  fo  by  the  addition  of  frefh' 

acid,  when  a  little  folution  of  common  prufiiate  of  potafh  muft 

be  mixed  with  the  whole.    If  a  blue  precipitate  occurs  it  de-' 

notes  the  prefence  of  oxide  of  iron,  and  the  folution  of  the 

pniffiate  muft  be  dropped  in  till  no  farther  effed^  is  produced. 

To  afcerUin  its  quantity,  it  muft  be  oolfeaed  in  the  fiinie^ 

manner  as  other  folid  precipitates^  and  healed  red^  the  refult 

iSiOiiide  ti  iron. 

Into 
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and  earth,  hy        Into  the  fioid  freed  from  oxide  of  iron,  a  (blntion  of  oeo- 
^'^'^  ^       tralized  carbonate  of  potafh  mud  be  poured  till  all  eSenrefoence 

ceafes  in  li,  and  till  its  taAe  and  fmell  indicate  a  confidendble 
excefs  of  alkaline  fait. 

The  precipitate  that  falls  down  is  carbonate  of  lime;  it 
muft  be  colleded  on  the  filter,  and  dried  at  a  heat  below  that 
of  redneft. 

The  remaining  fluid  muft  be  boiled  for  a  quarter  of  i^n  honry 

when  the  magneiia,  if  any  exid,  will  be  precipitated  frpm 

it,  combined  with  carbonic  acid,  and  its  quantity  is  to  be 

atcertaioed  in  the  (iune  manner  as  that  of  the  carbonate  of 

line. 

Alimioe  tf  If  any  minute  proportion  of  alvmine  fliould,  from  peculiar 

"^'  circumliaoces,  be  dilTolved  by  the  acid,  it  will  be  found  in 

the  precipitate  with  the  carbonate  of  line,  and  it  may  be 

feparated  from  it  by  boiling  for  a  few  minutes  with  foap  lye, 

fofficient  to  cover  the  folid  matter.    This  fubftance  diOblves 

alumine,  without  ading  upon  carbonate  of  lime. 

Cvbanite  of  Should  the  finely  divided  foil  be  fuficiently  calcareoot  to 

vuy  be'eiUimited  ^^^^vefce  very  (Irongly  with  acids,  a  very  fimple  method  nay 

hy  the  qaantity  be  adopted  for  afcertaintng  the  quantity  €if  carbonate  of  lime, 

«  carbomc  acid.  ^^  ^^^  fufficiently  accurate  in  all  common  cafes. 

Carbonate  of  lime,  in  all  its  ftates  contains  a  deterraioate 
proportion  of  carbonic  acid,  t.  e,  about  45  per  cent»  fo  that 
when  the  quantity  of  this  elafiic  fluid,  given  out  by  any  foil 
during  the  folution  of  its  calcareous  matter  in  an  acid  is  known^ 
diher  in  weight  or  meafure,  the  quantity  of  carbonate  of  time 
may  be  eaiily  difcovered* 

When  the  procefs  by  diminution  of  weight  is  employed,  two 
parts  of  the  acid  and  one  part  of  the  matter  of  the  foil  muft 
be  weighed  in  two  feparate  bottles,  and  very  flowly  mixed 
together  till  the  efierveicence  ceafes ;  the  diflerence  between 
their  weight  before  and  after  the  experiment,  denotes  the 
quantity  of  carbonic  acid  loft  ;  for  every  four  grains  and  a  half 
of  which,  ten  grains  of  carbonate  of  lime  mufl  be  eflimated. 

The  befl  method  of  colkAing  the  carbonic  acid,  fo  as  lo 
difcover  its  volume,  is  by  the  pneumatic  apparatus,  the  coo* 
flrufiion  and  application  of  which  is  defcribed  at  the  end- of 
this  paper.  The  eflimation  is,  for  every  ounce  mcafuro  of 
carbonic  acid#  two  grains  of  caibonalfi  of  lime. 


li.    i  • 
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f^ie qfqfltTlaiiiing  ilir  Hua'iliij/  qf  iafhiublejinely  diildcd 
Animal  and  Vegetable  Alutltr. 
Arier  the  fine  mailer  of  ihe  f.iil  has  been  aded  upon  by  UiWob  in  jo 
^Biufiatic  acitl,  ihe  nexl  procefEi  i*  lo  afcetuin  the  quantity  "f  j^^jvtM. 
ifinely  divided  inlolublc  aiiinial  and  vegetable  m alter  ihil  it  i^falc  md  imnul 

Conlaini.  ni»tttra. 

^      Thi(  may  be  done  willi  (ufiicienl  precifion,  hy  heating  it  lo 
,£rong  i);>iiiiun  in  a  crucible  over  a  ccimmon  tire  till  no  black- 

nc(i  remains  in  ibe  mafi.  ll  Ih'iuld  be  often  (liired  wilb  a 
,  pelallic  wire,  lb  as  la  expole  new  (uiiave*  continually  to  tiie 
I  ail ;  the  luls  of  weight  iliat  ii  undergoes  denutes  the  quantity 
>of  Ihe  riti>l)anc«  ihai  it  ct>nlaini  deilruSible  by  tire  and  air. 
f  Ii  is  nul  poIEble  lo  afceriain  nhether  this  lubltance  in  wholly 
•-^imal  nr  vegetable  mailer,  or  a  mislure  of  both.  When  ihu 
(foielUnHlled  during  the  incineraHon  ii  fimilar  lo  thai  of  burnt  T'«|'™J'**« 
.fcalhert,    it  is  a  tcrlain  iiidiiulion  of  lume  animal  matler ;  ,„iaui  „  ,,g^ 

■nd  a  copiaus  blue  liable  at  the  lime  of  tgnilioD.  almull  always  nble. 
,  dunoief  a  conliderable  propurlicn  of  vegetable  matter.     In 
.fafes  wI)«o  the  experiment  is  needed  to  be  very  quickly  pe(- 
^  ibtmed,  ihi:  d«Ilrnclion  of  the  dccompofible  (ubllancea  nay 

^  alLHed  by  the  ajjency  oF  nitrate  of  ammoniac,  which  at  (he 
((inia  ol  igmliiiti  may  be  thiuwn  gtaduaily  upDn  lite  bested 
,  mafi  in  t)<e  quantity  of  tivenly  grains  liir  every  hundred  of 
,  tetidual  foil.     Ii  affords  the  principle  necelTary  lu  ihe  combtit' 

tiui)  o(  (he  ariimal  anil  vegelabie  matter,  which  it  cjufei  to  ba 
^  canvtTted  into  elaflic  lluids  j  and  it  is  itfclt  at  the  lame  tiaq 

^ecompofed  and  lod. 

XI-  Mode  "f  fepuratittg  alumiaout  and Jiiiciuui  Atatlcr 
•  and  Oxide  qf  Jnm. 

^       The  fubflance*  remaining  after  ibe  decompofition  of  the  J,^  «*'•?* 
vegetable  and  animal  mailer,  are  generally  minute  partides  i,tioiHnil 
of  earthy  mailer,  containing  ul'ually  alumine  and  liIeK  wilb  "o"  ^*'**^ 
combined  »xitlB  of  iron. 

Tu  fep.tiaie  ihele  I'looi  each  other,  Ihe  folid  mailer  fhnuld 
be  boiled  lor  two  ot  three  hours  with  fulphuric  acid,  diluted 
with  four  time)  its  weight  of  waierj    the  quantity  of  the 
acid  Qwtild  be  regulated  by  ihe  quantity  «f  luhd  lefidiium  Diluit  fulpbuk 
lo  be  acled  on,  allotvir^fur  ever)  hundred  graiu*  [wodrachms  J^^^"' 
01  Qoe  hundred  aad  Inenly  grain*  «t  acid, 
'  The 


.gg^  . AHA L VMS   or  SOILS. 

The  fubiiance  remaining  after  the  adiion  of  th^  acjdt  majr 

be  confidered  as  (ilicioas;  and  it  muft  be  feparated  and  iii 

weight  afcertained^  after  waihing  and  drying  in  the  ufual 

manner. 

CaHionalteof         Tbealumine  and  the  oxide  of  iron,  if  they  exifi,  are  both 

^^J'^^u!'^*^*^^  by  (be  fuJphiiric  acid;  Ihey  may  be  feparated  by 

Biine.    '  carbonate  of  ammoniac,  added  to  excefs;  it  throws  down  the 

alumine,  and  leaves  tbe  oxide  of  iron   in  Iblution,  and  (his 

Aibftance  may  be  fe|>arated  from  (he  liquid  by  boiling* 

Should  any  magnefia  and  lime- have  efcaped  folution  in  (he 
nariatic  acid»  (hey  will  be  found  in  the  fulphnric  acid  ;  (his^ 
however,  is  (carcely  ever  (be  cafe;  bu(  the  procefs  for 
deteding  them  and  aiccT(Bining  (heir  quantities,  is  (be  fame 
in  both  inllances. 
Mort  accQiate  '  The  method  of  analyfls  by  fulphoric  acid,  is  fufficientlj 
!**'**>*  precife  for  all  ufual  experiments ;  but  if  very  great  accuracy 

be  an  object,  dry  carbonate  of  poiaih  muft  be  employed  as 
the  agent,  and  the  refiduum  of  (he  incineration  muft  be  heated 
fed  for  half  an  hoar,  with  four  times  its  weight  of  this  fub* 
ftance,  in  a  crucible  of  filver,  or  of  well  baked  porcelain* 
The  mafs  obtained  muft  be  diflblved  in  muriatic  acid,  and  tbe 
folution  evaporated  till  it  is  nearly  fulid ;  diftilled  water  muft 
then  be  added,  by  which  the  oxide  of  iron  and  all  the  earths^ 
except  ftlex,  will  be  diftblved  in  combination  as  muriates. 
The  files*,  after  the  ufual  procefs  of!  ixiviation,  muft  be  heated 
red ;  the  other  fubitances  may  be  feparated  in  the  fame 
manner  as  from  (he  muriatic  and  fulphuric  folutions. 

This  procefs  is  the  one  ufuullv  toiplo^ed  by  chemical  phi* 
lofophers  for  the  anal)  Us  of  ftones, 

XII.  Afode  of  d  if  covering  foluhle  Ammal  and  Vegetable 
Mailer,  and  Saline  Mutter. 

Sfittm-foluble      If  any  faTine  matter,  or  folubic  vegetable  or  animal  matter, 
mwtttr*  •      '  jj  fufpeiSted  in  the  foil,  it  will  be  found  in  the  water  of  lixivia- 
(ion  ufed  for  Separating  the  fand. 

This  water  muft  be  cx'aporated  to  dryncfs  in  an  appropriate 
di(h,  at  a  heal  below  its  boiling  point. 

If  the  folid  matter  obtained  is  of  a  brown  colour  and  inflam* 

mable,  it  may  be  confidered  as  partly  vegetable  extract.     If 

.'  •        its  fmell,    when   expcfed  to  heat,   be  ftrong  and  fetid,   it 

coniaius  animal  mucitagtuods  or  g«Iatin6us'lttbftancfe;'ir  it  be 

white 
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white  and  tranfparent,  It  may  be  confidered  us  principaVly* 
faline  matter.  Nitrate  of  potaih  (nitre)  or.  nitrate  of  lime*. 
is  indicated  in  this  faline  matter,  by  its  fciQtillating  wkh  m 
burning  coal.  Sulphate  of  magnefia  may  be  deieded  by  iti 
bitter  tade ;  and  fulphate  of  pola(h  produces  no  alteration  in 
ioKution  of  carbonate  of  ammoniac,  but  precipitates  folutton 
of  muriate  of  barytes.  > 

XIII.  Modn  of  detecting  Sulpliate  qf  Lime  (CypfumJ  md    r 

Phojphatt  of  Lime  in  Soils, 

Should-fulphate  of  phdphate  of  lime  be  fufpe^led  inr  tlie  Sulphite  of 
entire  foil^  the  detedlion  of  them  requires  a  particdlar  procefs  """• 
upon  it.  A  given  weight  of  it,  for  inflance  four  handred 
grains,  mufl  be  heated  red  for  half  an  hour  in  a  crucible^ 
mixed  with  one-third  of  pondered  charcoal.  The  mixture 
mud  be  boiled  for  a  quarter  of  an  hour,  in  a  half  pint  of 
water,  and  the  fiui'd  collcded  through  the  filler,  and  expofed  ' 

for  fome  days  to  the  atmoCphere  in  an  open  veflTel.  If  any 
foluble  quantity  of  fulphate  of  lime  (gypfum)  exifted  in  the 
foil,  a  white  precipitate  will  gradually  forni  in  the  fluid,  and 
the  weight  of  it  "will  indfcate  the* proportion. 

Phofphate  of  lime,'  if  anyexifl,  niay  be  feparated  from  the  Phofphitsol 
foil  after  the  procefs  foi-  gypfum.  Muriatic  acid  muft  be  ^™*' 
digeded  upon  the  foil,  in  quantity  more  than  fuflficient  to 
faturate  the  foluble  earths;  the  folution  mufl  be  evaporated, 
and  water  poured  upon  the  folid  matter.  This  fluid  will  dif- 
folve  the  compounds  of  earths  witfi  the  murFatic  acid,  and 
leave  the  phofphate  of  lime  untouched. 

It  would  not  fall  within  the  limits  afligned  to  this  paper,  to 
detail  any  procedej;  for  the  detection  of  fubdances  which  may 
be  accidentally  mixed  with  the  matters  of  foils.  Manganefe 
is  now  and  then  found  in  them,  and  compounds  of  the  barylic 
earth  ;  b^t  ihefe  bodies  appear  to  bear  little  relation  to  fertility 
or  barrennefs,  and  the  fearch  for  them  would  make  the  analyfis- 
fDuch  more  complicated  without  rendering  it  more  ufefuU 

XIV.  Statement  qf  EefuUM  and  ProduQs. 

When  the  examination  of  a  foil  is  compieated,  the  products  Prodadt  ftstcd, 
Ihould  be  cladcd,  and  their  quantities  added  together,  and  if 
they  nearly  equal  (he  original  quantity  of  foil,  the  analyfis 
may  be  confidered  as  accurate*  It .rattft,  bowe? er,  be  noticed, 

:S  thai  ' 


that  when  phofpliale  nr  fulphate  of  lime  are  diCrovem}  hj  the 
independent  procer<  Xlll.  a  correflion  muft  be  made  Tor  ihe 
general  procefi),  hy  TublraCling  a  turn  equal  to  iheir  weight 
from  ihe  quantity  of  carbonate  of  lime,  obtained  by  [>recipi> 
talion  from  ihe  muriatic  acid. 

!ji  arranging  the  produfls  the  form  fhould  be  in  the  order 
of  the  experiment)  b}r  which  they  w<:re  obtained. 

Thus  400  graint  of  a  good  lilicious  fandy  foil  may  be  fup- 
pofed  10  coaiain 

Otunt. 
Of  water  of  abforplion    .  -  .  •         18 

Of  loofe  Hones  and  gravel  principally  GUcioui    •  42 

Of  undccompoundad  vegetable  lihret        -  -         10 

OrfioeCliciousfand  .  -  -  20Q 

or  minutely  divided  mailer  feparated  by  filtration 
and  condlling  of 
Carbonate  of  liine         -  -  -23 

Carbonate  of  magneda  •  -        -       i 

Matlff  deftruaihle  by  heal,  principally  ve. 

gelable  -  -  -  .10 

Silcs  .  .  .  -  -      W 

Alumine         ....  32 

Oxide  of  iron       .  .  .  -         (. 

Soluble  mailer,  principally  fulphnte  of  pul- 

a(l>  and  vegetable  extrsfl      ■  •  5, 

G)pluia  -  -  -  -       3 

Pbol'phateoflime        -  -  ^  2 

^         125 

Amount  of  all  the  produas  ii>i 

Lofi  -  -  -5 

In  tliM  infiance  the  lofs  it  fuppofed  fmall ;  but  in  grnerat,'  in 
»&m\  experiment,  it  will  be  found  much  greater,  in  eon- 
fequmc-eof  the  diflicully  of  culleflmg  the  whole  quamilicj  of 
die  diflerent  pf ecipilates ;  and  when  it  is  within  thitly  ^r 
four  hundred  grains.  Ih^e  is  no  reafun  to  fufpcfl  any  waiit  of 
doe  precilion  in  Ihe  proceiTci. 

Xyf^iriii,geii^-Alaikod  tif  AmU^miey  in  many  Ca/et 
bf  mui'Ji  Jimpiijud.    . 

Suipiiftotiait        When  ik<  eKperimGntcr  '%%  become  trquainled  with  the  ufc 
fcc.ofiiw        of  the  ddfiirent  inAiumcnu,  the  properiie<  of  the  resgentt. 
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ted  ihe  relatione  between  Ihe  exlernal  and  chemical  quaUlJes 
«f  foili,  he  will  rtldom  find  it  neceflary  (o  perform,  in  any 
one  care»  all  the  procciTei  that  iiave  been  deCcnbed,  When 
bis  foil,  for  inOance.  contains  no  notable  propoflion  of  caf- 
areous  matter,  (he  aflion  of  the  muriatic  acid  IX.  may  be 
oisilted.  In  examining  peat  foils,  he  will  principally  have  to 
attend  to  the  operation  by  fire  and  air  X. ;  and  in  the  analyfii 
tl  chalk)  and  loama,  he  will  often  be  able  to  omit  ibe  ex- 
MlCfiment  by  fulphuric  acid  XI. 

1 1  in  (be  lirlt  trials  that  are  made  by  pcrfoni  unacquainted 
>trith  chemiDry,  they  mull  not  eitpefl  mtich  preciGon  of  tcTult. 
Many  difficulties  will  be  met  with;  but  in  overcoming  them. 
the  moll  ufelul  kind  of  pra^icai  knowledge  will  be  obtained; 
ud  nothing  is  fo  inftruftive  in  experimental  fcience,  at  (he 

E'  '  eflion  of  miitakei.  The  correfl  analyfl  ought  to  be  well 
unded  in  chemical  information ;  but  perhaps  there  is  no 
ter  mode  of  gaining  il,  than  that  of  aKempling  original 
j^U'elligalions.  In  purfuing  his  expertmenti,  he  will  be  con- 
^luially  obliged  to  learn  from  books,  Ihe  InAofy  of  the  fub- 
.Aoncesbe  it  employing  or  a£ling  upon ;  and  hji  theoretical 
[Ideas  will  be  more  valuable  in  being  connected  with  praflical 
It^peralion,  and  acquired  for  the  purpole  of  difcovery. 

il  XVI.  On  the  ImpTMement  qf  SviU,  as  cOnnefled  witi  the 
J^ ,  Principic  qf  tlieir  CompojUion, 
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.tin  cafei  when  a  barren  foil  is  examined  with  a  view  to  ilt '' 
rl^provenient,  it  ought  In  all  cafes,  if  poffible,  lo  be  compared  i^ 
rWilh  an  CKliemely  fertile  foil  in  the  fame  neighbourhuod,  and  p' 
no  a  fimilar  Gtualion:  the  difference  given  by  their  analyfei  f^ 
fVOuld  indicate  the  methods  of  cultivation  ;  and  thus  the  plan 
|nf  improvement  would  be  founded  upon  accurate  fcieQli£c 

P^  if  (he  fertile  foil  contained  a  large  quantity  of  fand,  in  pto- 
kpOTtion  to  ihe  barren  foil,  the  procefs  of  amelioration  would 
depend  Gmply  upon  a  fupply  of  this  fubflance  ;  and  the  method 
r^ould  be  equally  fimple  with  regard  to  foils  deficient  in  clay 
[l4r  calcareous  mailer. 

In  the  application  of  clay,  fand,  loam,  mflHe.  or  chalk  lo 

[Imdt,  there  are  no  particular  chemical  principles  to  be  ol)- 

Bived ;  but  when  quick  Ume  it  ufed,  great  care  muft  be  taken 

I  Dot  obtained  from  Uie  magnefian  limdione ;  for  in 

this 
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tliri  care,  as  hai  been  (hewn  by  Mr.  Tennflni^  it  U  ixte^lilkgd 
}y  injarions  Co  land  *.  The  magnefian'  h'meftone  aday  b0 
diilingulllied  from  (he  common  limeiione  by  its  grealer  bai^ 
nefs,  and  by  the  length  of  time  that  it  requires  for  ita  fokn 
lion  in  acids,  and  it  may  be  analysed  by  the  procefs  for  carbo« 
nateof  lime  and  roagnefia  IX.   •  : 

When  the  analytical  coroi>artfon  indicates  an  excefs  of  veg^ 
tckble  matter^  at  the  caufe  of  (leriiity,  it  may  be  deAroyed 
by  much  puiverizalion  and  expofiire  to  air,' by  paring  and 
iumingy  or  the  agency  of  lately  made  quick Hme*  And  the 
defed  of -animal  and '  vegetabtt  matter  muft  be  fapplied  bj 
animal  or  vegetable  manure*'  "   ' 

X  VIL  SUrile  SaiU  in  diffhrent  Climates  md  Situatimu  nu^ 

dffir  in  Campqfiiion.  .-i 

Sifierent  cH*  -  The  general  indications  of  ferttlif y  and  barrennefs,  ta  fimol 
^l^t^t^  by  chemitiil  experiments,  miuft  ncwflkrily  difftr-in  differeiie 
require  difierentdimateil,  and  onder  different  cii'cum (lances.  The  power  of 
""^Uk^f"^  foils  to  abforb  moifture,  a  principle  eflential  to  their  proddaire.' 
nefs/  ought  to  be  much  greater-  in  warm  and  dr^  countries,' 
than-  in  cold  a^d  moid  ones;'aiid  the  quantity  of  fine  aAiminoas 
earth  they  C(intain  larger.  jSoils  likewife  that  are'iitualed' 
on  declivities,  ought  to  be  more  abforbent  tbaa  Ihpfe  in  the 
fame  clifbSit^  on  'plains  or  in  valleys  f.  The  pro'iluciivenefs  of 
foils  mud  likewife  be  influenced  by  (he  nature  of  ihe  fubfoil, 
or  the  earthy  or  iloi^y  flrata  on  which  they  refl;  and  (his  clr« 
cumHance  ought  to  be  particularly  attended  to,  in  confidering 
their  chemical  nature,  and  the  fyllem  of  improvement.  Thus 
a  fahdy  foil  may  fometimes  owe  its  fertility  to  the  power  of 
the  fubfoil  to  retain  water ;  and  an  abforbent  clayey  foil  may 
occaixonally  be.prevented  from  being  barren,  in  a  moil)  climatej 
by  the  influence  of  a  fubflralum  of  fand  or  gravel. 

XVIIL  Of  the  chemical  Coinpofition  of  fertile  Corn  Soils  in  the 

Climate, 

Aaual  compofi-     Thofe  foils  that  are  moft  produaive  of  corn>  contain  adways 
tionoffomc       certain  proportions  of  aluminous  and  calcareous  earth  in  a 

finely  divided  (late,  and  a  certaio  quantity  of  vegetable  or 

animal  matter. 

*  Phil.  Tranfaftions  for  1799,  p.  305.    This  Iimeftone  it  found 
abundtntly  in  Yorkfhire,  Derbyfhirey'and  Somerfctlhire. 
t  Kiiwan.Tranf,  Irilh  Academy,  Vol.  V.  p.  175. 

The 
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,T')0  quantity  of  calcarcoai  earlh  is  however  very  vafious 
id  in  fume  lafei  exceedin);ly  fmal!.  A  veiy  ferlile  com  toil 
n  Ormifton  in  £a(t  Lothian  alTord^  me  la  an  hundted 
iB,  only  eleven  parts  of  mild  calcareous  eatih  ;  it  con- 
led  liveiity-livc  parls  of  filjciotit  fand  ;  (he  finely  divirlcd 
iay  amoonted  to  forty-five  parti.  It  loil  nine  in  di-'compofcd 
^mal  and  vegetable  matit;r,  and  four  in  vvaier,'  atid  alibcdcd 
^icatiuns  of  a  Imali  qaanlitj  of  pho<pha[e  ot  lime. 
~"  '  foil  was  of  a  riTy  fine  fexlure,"  and  cnnlained  very  few 
or  -vegelaiile  fibres,  h  is  not  unlikely  that  il?  leitiiiljT 
fome  meafiire  connefledwilh  the  phofphate;  for  ihii  ^^ 

iflance-iis  found  in  wheat,  oat*,  and  barley,  and  may  be  a  ^^M 

irt  of  their  food.  ^H 

A  foil  from  the  low  lands  of  Soiiierfetfhire,  celebrated.  Cor  ^^| 

lucrng  excellent  crop'  of  wheat  and  beans  wiih'ini  manure, 
found  to  conlill  of  oiie-ninib  of  fand,  chiefly  ill icio us,  and 
{hl-ninlhRorcalcareotu  marie  tinged  wiih  iron,  and  conlain- 
fg  about  five  parts  in  the  hundred  uf  vegetable  mailer.  I 
puld  not  detifCl  in  it  any  phofphate  or  fulphale  of  lime,  fo 
pal  its  feitiliiy  muli  have  dcpuaded  principally  upon  ill 
K>ivei  of  altrafling  prlnciplei  of  vegetable  nouriflioicnl  from 
yalei  ardlheaLniufjihcre*. 

.r.  Mr.  TUlel,  in  fonie  experiments,  mada  on  (he  compotiiion 
if  (oil)  nl^Stait,  found  that  a  Itiil  compofed  of  lbree-el);hths 
Bif  clay,  Iwo-eighihs  of  river  fand,  and  three-eighihi  of  the 
hMln^  of  liiocltone,  wai  very  proper  for  whval. 

•"XlX.  C^tke  CompoJi!u>n  of  ,SoU»  primer  for  buibout  Itook 
■  ,  ,  and  fur  Trtci. 

^-  In  gentral,  bulbous  routs  cequire  a  fuil  much  more  Tandy,  Soilj  proper  fa* 
Jaad  lefs  abfotbeol  than  ifie  gratFes.     A  very  good  poiatoe  foil^  '"'^''''"  """ 
fom  Varle]  in  Cornwall,  atTt/rded  me  leven-cigliihsof  filicious 
^d  i  and  ila  abforbcni  power  was  fo  fmali,  that  one  hundred 
IfmrU  loit  only  two  by  drying  at  400  Fahrenheit. 

Plants  and  trees,  the  roola  of  which  are  fibrous  and  hard, 
lipd  capable. «f  penetrating  deep  into  the  earth,  will  vegetate 
Ito  a>dvantage  in  alniuft  all  (.ummun  (oils,  which  are  moderatvly 
Illry>  and  wliich''do  not  contain  a  very  great  excels  ul'vege- 
table  matter. 

•  Thii  foil  was  fent  to  me  by  T.  Poolt,  Eft],  of  Neiher  Stawiy. 
nit  imr  the  opening  of  the  river  Parrel  into  ihe  BiiliOi  Cli:iQncl  ) 
J  ani  leld,  !■  never  overflowed. 

^  1  found 
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I  fonnd  the  foil  taken  from  a  fieM  at  Sheffield-place  in  Safles^ 
remarkable  ibr  prodocinf^  flourilhing  oaks,  to  confifl  of  fix 
parts  of  (ukdf  and  one  part  of  clay  and  finely  divided  matter. 
And  one  hundred  parU  of  the  entire  foil  fubmiUed  to  analytic 
prodoced 

Partk 

Water           -"...-  S 

Silex 54 

Alumine        *        -        •        •        -  2B 

Carbonate  of  lime      -        *        *  ^ 

Oxide  of  iron         •        •        •        -  5 

Decompofing  vegetable  matter      -  4 

Loft S 

XX.  Adviiniaga  qf  Impravemenii  made  fry  changii^  fte  Comm 
pnfition  qf  the  earthy  Parte  qf  SoUi» 

Soils  rendered        From  the  great  difierence  of  the  caufet  that  influenoe  tht 
fcrii!ei»y  Chang,  pfo^^^jy^^^f,  of  landi,  it  U  obvious  that  in  the  prefimi  fiile 

m^  the  compofi-  "^^  >  .  .     V  «  t        .     -r  j  r-_  *•_  •     •^ 

tion  of  the        of  fcicnce,  no  certain  fySem  can  be  deviled  Iron  Iheir  mi* 

earthy  pant,     provement,  independent  of  experiment ;  but  there  are  hm 

fflnTnrth^'    cafes  in  which  the  hboar  of  analytical  uialt  will  not  be  aaipl^ 

■uAurcdtoib.    repaid  by  the  certainty  with  which    they  denote  tho  beft 

melhods  of  amelioration ;  and  this  will  particularly  happeOv 

when  the  defed  of  compofition  is  found  in  the  proportions  of 

the  primitive  earths. 

In  fupplying  animal  or  vegetable  manure,  a  temporary  food 
only  is  provided  for  plants,  which  is  in  all  cafes  exhauQed  by 
means  of  a  certain  number  of  crops ;  but  when  a  foil  is  render- 
ed of  the  bed  poffible  conftilution  and  textorot  with  regard 
to  its  earthy  parts,  its  fertility  may  be  confidered  at  per- 
manently enablillied.  It  becomes  capable  of  attrading  a  very 
large  portion  of  vegetable  nonrifliment  from  the  atmoTphcio, 
and  of  producing  its  crops  with  comparatively  little  labour  and 
expence. 

Defcriptiom  qf  the  Apparaiuefcr  the  Jhw^  qf  Mfa, 
Apparatus  for         ^^  Retort. 

capefinejitt.         ^  ^   Funnels  for  the  purpofe  of  filtrating. 

D.  Balance, 
£.  Argand's  lamp. 

F,  G,  H,  KU  The  diflTerent  parts  of  the  apparatus  requiied 
Ibr  meafuring  the  quantity  of  elailic  fluid  given  out  during 

the 


Jhe  afiion  of  an  acid  on  calcareous  fuili.  F.  Reprefenls  Lii« 
Jboitle  for  cotilaining  ilie  full.  K.  The  bollle  coii(aininj{  the 
mod  rurniOiecl  with  a  flopcock.  G.  The  lube  connedcd  with 
^£accid  bladder.  I.  The  gradaaled  meafure,  H.  Theboitle 
#»r  containing  the  biadUer.  When  this  inltruraent  ii  ufed,  a 
g^an  quaotily  of  foil  is  introduced  into  F;  K  is  tilled  wilh 
^ttnriatic  acid  diluted  with  an  equal  quantity  of  waler;  and 
tfie  Oop-cock  being  clofed  ii  connefied  with  the  upper  ocilice 
iof  F,  whieh  is  ground  to  receive  i(.  The  lube  G  Is  iniroduc- 
)■!  into  the  lower  orifice  of  F,  and  the  bladder  conne£)ed  willi 
A  placed  in  its  llacctd  flate  into  H,  which  is  filled  with  water. 
SFhe  graduated  meafure  is  placed  under  the  lube  of'H.  When 
^  liop-cock  of  K  ii  turned,  Ih^  acid  flows  inlo  F,  and  a&t 
mpoa  the  foil;  the  elailic  fluid  generated  palfei  ihrougb  G 
into  the  bladder,  and  difplaces  a  quanlilj'  of  water  in  H  equal 
to  it  in  bulk,  and  lliia  water  flows  Ihiough  the  lube  into  the 
padaated  meafure ;  the  water  in  which  fpves  by  tli  volume 
JfcA  inditaiien  of  the  proportion  of  carbonic  acid  difengaged 
fei*)  IKe  foil ;  for  cverj  ounce  meafure  of  whicli  two  graini  of 
(MxHlaleof  lime  may  be  eflintated. 
J4.  Reprcfemtj  the  Hand  for  the  lamp. 
ItM,  N,  O,  Y,  Q.  R,  S.  Repttfcnt  the  bottles  conlalning  the 
m^rent  rcagenls. 
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K    DiffOferyp/a  neia  Vegetable  Sahftanctt  ty  Mr.  Rose  •. 

jf\.  CONCENTRATED  dccoaiou  of  the  root  of  eJecara-Dttoaion 
pame,  inula  luU*iuiii,  alter  flandiug  lome  hours,    depolit«  a^'""!'"' 
white  powder,  appearing  at  hrii  light  much  like  ftard^  bulij^,  nCemti 
dilTefine  itum  it  buih  in  its  prinLiplet  and  in  its  eiannec  ol  d«ch. 
comporting  ilfelf  wiih  oiher  fubffances. 

1.  Thii   fubfjance  is    generally    ini'oluble   in   cold    waler.  ici.  infolu 
fieing  iRturaled  with  il  a  while  milky  liqoor  it  farmed,  which  '°^^  *"*'■ 
foon  depofits  a  heavy  white  powder,  and  leaves  the  fupet- 
nalanl  water  clear  wid  limpid.  ,     . 

'J,  Ildilfulvcs  very  well  in  boiling  water.     On   h^aliBg.  toSoluUe  !a 
ebullIliDn  one  pari  of  tlie  white  powdei,  with  four  jjul*  aE^,^^^^ 

>  From  Gehlen'i  JourrialAr  IIM,  To].  Ill,  p.  slT. 
bL.  Xll.— OcTOBSK,  H  wster^' 


98  ^^^   VEGETABLE    SUBSTAWCE. 

water,  a  complele  folution  is  obtained,  which  paflTet  throd^ 

filtering;  paper  whil«^  iiot,  but  on  cooling  acquires  a  inacil»« 
But  much  Tub-  ginous  Confidence  and  a  dull  colour.  In  the  courfe  of  fome 
fides  on  cooling.  |,qu„  this  folution  depofiu  the  greater  part  oF  the  fubftaace 

diflblved  in  the  form  of  a  compact  white  powder. 
Differs  from  A  folution  of  one  part  of  gum  arable,   in    fouir  parts  ot 

folution  of  gum-  water  is  much  thicker,  of  a  more  tenacious  confidence,  and 

froths  lightly,    which  the  folution  of  the  powder  from  the 

elecampane  root  does  not. 
Alcohol fepa-  3.  On  mixing  the  folution  of  the  white  powder  with  an 

r*t«  It  from      equal  quantity  of  alcohol,  the  mixture  is  at  fir  ft  clear,  bat  ia 

a  litlle  time  the  powder  feparates  in  the  form  of  a  tumid  white 
does  not  gum-  fedim'ent,  leaving  the  fluid  above  it  tranfparent.  A  foliUioo 
anbic.  Qf  gum-arabic  on  the  addition  of  alcohol  becomes  iminediatelj 

milky,  and  long  retains  this  appearance,  no  kind  of  powder 

feparaling  even  in  fevera!  days. 
Melts,  emits  a  4.  When  thrown  on  bnming  coals,  the  white  powder  melts 
^d^  ^"^^^K ' le  '''^^  fugar  and  evaporates,  diffufing  a  white,  thick,  pangent 
refiduum.  fffloke,  with  a  fmell  of  burnt  fugar.  Afler  this  combaftioo  a 
Thus  differs  \\g]^i  rc(iduum  only  rematrui,  which  runs  into.the  coaU  Staich 
'  emits  a  fimilar  fmoke^  but  does  not  melt,  and  leaves  a  coiDy 
tnd  from  gum.   refiduum  much  greater  in  quantity.     Gnm«arabic  under  the 

fame  circumftances  gives  out  fcarcely  any  fmoke. 
On  :ci^.  h^t  iron       Healed  in  an  iron  fpoon  over  char(foal  the  powder  firft 
''^^"''  melt?,  and  emits  the  fmoke  above  dcfcribed.    As  foon  as  the 

fpoon  becomes  red  hot,  it  burns  with  a  vivid  light  fiame,  and 
Starch.  leaves  a  very  iriiling  coally  refiduum.     Starch  under  the  fame 

circumftances  does  not  melt,  is  much  longer  before  it  bomi. 
Cum.  and  leaves  a  conHdcrable  refiduum  of  coally  matter.     Gum* 

arable  only  fparklcs,  docs  not  take  tire,  and  leaves  a  great 

di:al  of  coal,  which  i<i  readily  convertible  into  grayifli  afiies. 
DrydiAllUtion        .5.  By  dry  diflil!a(icn  wc  obtain  from  this  powder  of  the 
Jl^^"^**?!^***^'  elecampane  root  a  brown  empyreumatic  acid,    having  the 

fmell  of  pyroxalic  acid,  but  not  an  atom  of  empyreumatic 

oil. 
Niir'.H  arid  pro-  6.  Tlie  nitric  acid  transforms  the  powder  only  into  malic 
durcs  "»=«i»c»  acid  and  oxalic  acid,  and  when  ufed  in  great  excefs  into 
exccXt' acetic,  scetlc  acid  :  but  we  do  not  obtain  an  atom  of  the  faccholadic 
^^rnthtfiC'  acid,  which  gum-arabic  treated  in  the  fame  manner  fumiflies 
SuKh  fac.    '    ^^  abundantly ;  or  of  the  fatty  matter  which  is  generated  by 

the  adion  of  nitric  acid  on  liarch. 

2  Fm 
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From  all  thefe  phenomena  it  follows  (hat  this  farinaceous  Hence  of  a 

powder  extruded  from  elecampane  root,  is  neither  ftarch  nor  °*^"'^  j'?^/* 
'  .  '  gum  and  itarcOy 

goin,    bat  a  pecnliar  vegetable  fubOance  holding  a  middle  and  piobabiy 

rank  between  the  two.     It  is  probable,  that  it  exifts  in  many  ^^^^^ ;°  °^^" 

\cgetablci* 
Other  vegelables,  and  that  fevcral  (irodudls  hitherto  coniidered 

at  (larch  are  of  the  fame  nature  as  this  faritia. 


V, 

A^cw  Gahanic  Difcovertes  by  Afn  RitteRj  extra&edfrom  a 
Letter frotH  iV/r. Christ.  Bkrnoulli  *. 

X  HERE  Iranfmit  you  the  information  you  requefied  re- 
fpeding  the  late  experiments  of  Mr«  Ritter>  to  which  I  fub- 
join  fome  account  of  that  gentleman. 

I .  Charging  of  a  Louis  (TOr  by  the  Pile. 

The  pile  with  which  Mr.  Kilter  ufually  makes  his  expert.  ^^'  P-ittei's 
jnents  confids  of  a  hundred  pairs  of  metallic  plates,  two  inches  ^^'"^^ 
in  diameter.    The  pieces  of  zinc  have  a  rim  to  prevent  the 
liquid  preffed  out  from  flowing  away.    The  apparatus  is  always 
infulated  by  feveral  |)Iatcs  of  gkfs. 

As  Mr.  Ritter  at  prefent  rcfides  in  a  village  near  Jene«  I  His  grand 
have  not  been  abl?  •  to  fee  his  experiments  with  his  grand  1*7^ 
battery  of  two  thoufand  pieces,  or  with  his  battery  of  fifty 
pieces,  each  thirty-fix  inches  fquare,  the  aflion  of  which  con- 
tinues very  perceptible  for  a  fortnight.     Neither  have  I  feen 
his  experiments  with  the  new  battery  of  his  invention,  con- 
fiding of  a  iingle  metal,    and  which   lie  calls  tite  charging  2nd  charging 
pile.  Pi'c. 

I  have  frequently  however,  feen  him  galvanife  Icuis  dW  Louis  dVr 
lent  him  by  perfons  prefent.     To  effed  this,  he  places  the  f***''^*^  **^. 
louis  between  two  pieces  of  paileboard  thoroughly  wetted,  the  galvanic 
and  keeps  it  fix  or  eight  minutes  in  the  chain  of  circulation  circuit, 
conneded  with  ihe  pile.     Thus  the  louis  becomes  charged, 
without  being  immediately  in  contadt  with  the  conducing 
wires.     If  this  louis  be  applied  afterward  to  the  crural  nerves  excltet  contract 
of  a  frog  recently  prepared,  the  ufual  contradlions  will  be  ^®"*' 

•  Tranflated  from  the  Journal  de  Cbimii  and  d§  Pbyjique  of  Van 
Mons,  No.  17,  p.  133,  March,  1805. 

H  2  excited. 
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and  m^y  thus  he  excited.     I  bad  put  a  louii  thus  galvanifed  into  my  pocket, 
iiSliro^*    and  Mr.  Ritter  faid  lo  me  a  few  minutes  after,  that  I  miglil 
find  out  thii  louis  from  among  the  refl,  by  trying  them  il 
fucceflion  upon  the  frog.     Accordingly  I  mad^  Itie  Irial*  and 
in  reality  diftinguifhed  among  feveral  others  a  fingle  one*  ia    < 
•»  »^^^' "***      which  the  exciting  quality  was  very  evident.     This  charge  is 
for  fome  retained  in  proportion  to  the  lime  that  the  piece  has  remained 

minutes.  in  4he  circuit  of  the  pile.    Of  three  different  louis  which  Mr. 

Ritter  charged  in  my  prefcncej  neither  lofl  its  charge  in  lefs 
than  five  minutes.  AH  thefe  experiments  fucceeded  com- 
pletely, and  nothing  feemed  fo  e^(y  as  to  repeat  them. 
This  (hows  the*  This  retention  of  the  galvanic  charge  by  a  metal  in  contaA 
*^vamc  with  ^*^^  **'^  hand,  and  witli  other  metals,  (hews  this  cqmnnunict- 
the  magnetic  tion  of  the  galvanic  virtue  to  have  more  affinity  with  mag* 
fluid,  t>ecween    n^tjinjj  1^31,  with  eledricity,  and  affigns  to  the  |ralvanic  fluid 

clearic,  it  holds  an  intermediate  rank  between  the  other  two. 
•  middle  place.        j^  jh^  manner  which  i  have  juft  defcribed,  Mr.  Ritter  can 
may  1^  charged  charge  at  once  as  many  pieces  as  he  wiflies.     It  is  fuflBttient 
at  once.  if  the  two  extreme  pieces  of  the  number  communicate  with 

the  pile  through  the  intervention  of  wet  pafteboards.    It  b 
with  metallic  difcs  charged  in  this  manner,  and  placed  upOQ 
one  another  with  pieces  of  wet  pafteboard  alternately  inter* 
Ritterian  pile,    poled,    that  Mr.  Ritter  conftrufts  his  charging  pile,  which 
ought  in  remembrance  of  its  inventor  to  be  called  the  RUicrum 
Meula  thus      pile.    The  conflrudion  of  this  pile  fliows,  that  each  m.etal 
^^MtT.*'**"*^  galvanifed  in  this  way  acquires  polarity^  as  the  needle  does 
when  touched  with  a  magnet.     Though  I  have  had  no  op- 
portunity of  feeing  this  new  pile,  I  have  convinced  myfelf  of 
the  reality  of  the  phenomenon  by  an  experiment  of  the  higheQ 
importance  to  fcience,  and  for  the  invention  of  which  we  are 
equally  indebted  to  the  fame  ingenious  philofopher. 

2.  Different  Excitability  of  the  Parts  of  Afiimah. 
Different  evci.  During  the  courfe  of  feveral  years  in  which  Mr.  Ritter  has 
parts  of  aiimals.  ^^^'^  employed  in  galvanic  purfuils,  and  during  which  he  has 
made  many  thoufands  of  experiments  on  the  excitation  pro- 
duced in  the  frog  by  the  contact  of  two  different  metal$» 
for  Mr.  Ritter  has  not  entirely  abandoned  the  original  mode  of 
galvaniiings  like  mofl  other  experimcntalids,  who  employ 
Volta's  pile  exdufively ;  he  had  perceived  i^ot  only  a  very 
ilriking  difference  in  the  excitability  of  the  difierent  parts  <^ 

animalsf 
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ttma)*,  bul  alio  a  difference  of  excilement  belwecn  the 
itenror  stid  flexor  mutdcR,  accofding  a-i  llio  pofitive  or  uega- 
«  pole  was  applied  lo  iliem,  or  a»  Iht-y  were  aficd  upon 
IB  indant  after  Ihe  metals  were  bfoughl  into  cnnlafl  or 
hparated  from  eacli  olher. 

When  theeKcKnbilily  is  at  ils  higheft  point  of  energy,  as  In  When  tht<itl. 
iry  young  frog*  Ihe  momenl  after  lliSy  are  prepared,  or  in^,'^[[°,  "^ 
["^luK  ftogf  during  Ihe  couplmg  reafnn,  (he  tie\aii  a\ar\e  cor- tiault,  Ac 

ima.  and  in  patllcular  llie   flexor  muf.lei  of  that  iliigh  '0  ^j^^  """^'^ 
I  Wltoh  ihe  filwer  or  negalive  melal  is  applied,  eonlrafl  at  llie  Hmfmi 
I  Mflant  when  the  mdali  comu  inio  eonta£l,  while  ihofe  of  the 
Aigh  to  which  Ihe  sine  or  polJtive  raelal  n  applied,  colitrafl 
[.«  the  inflaiit  of  their  reparation. 
"  'nieoppoflleeffi-'fl*  are  obfervable  in  frogs.  Ihe  excitability  wlicnitii  lr,«eft 
which  is  on  ihepoiol  of  btrng  exiingnillied,  (Ritter's  "''ili  ^|)^,'"J'J,'^^''' 
ipee.)     In  lliii  cafe   Ihe  extenfor*  only  contrafl,  and  thentgative. 
Lori   remain  abfulutcly  molionlefs,      ^t    the  moment  of 
of  the  metah  the  mufcles  on  the  zinc  fida  alone  are 
iwn  into  aainn^  and  at  the  momenl  of  fcparation  Ihofe  on 
filrer  fide, 

f^lr.  Ritler  dlfltnguiflie!!  three  degrees  of  mean  excitability,  when  the  ad. 
'  the  fecond  degree  (i!ie  firft  of  the  three  mean  degrees,}  "j'J^^',,"  ^^ 
leh  the  metals  are  brought  into  conlacl,  a  flrong  excitement  diom  mi  eiihci 
(he  Hex-ors  is  difplayed  on  the  fitver  fide,  and  a  wea'' '^'™^  jjjj,' 
filcment  of  Ihe  extenfors  on  the  zinc  fide ;  and  when  the  ficjion  mi  ex. 
itals  are  feparated  a  (irong  excitement  of  ihe  flexors  U  feen  ""f""  rim u la- 
the zinc  tide,  and  a  weak  excitement  of  the  exlenfort  on  eijuij, 
I  filver  fide. 

■At  the  fouflli   degree  of  excilabilily  the  contrary  takes  At  ilie  medium, 

"ice.     At  Ihc  Ihinl  or  mitlille  degree  the  excilabilily  appears  fi'ilJuiuneouj" 

be  equally  difiiibuted,  the  coniraftions  on  each  fide  appear 

ual,  and  at  the  momenl  of  contafi  the  ficxots  tunlrafl  on 

i  filver  fide,  the  exlonfors  on  the  sine  fi^e;  Hhileat  (he 

Idment  of  reparation  the  extenfors  contraft  on  ihe  filver  Cde, 

Ihe  flexors  on  the  zinc  fide. 
Mr.  Riller  ftiowed  me  all  thefe  phenomena,  and  it  was  very 
Ty  to  difiinguini_lho  ditTerent  conlraOioo".     I  have  not  yet 
[■fcld  time  to  repeal  (here  experimenis,  bul  I  am  afraiJ,  eary  as 
ippeared  lo  be,  ihey  will  require  an  experienced  hand, 
produce  fuch  difiinti  effca*  as  I  faw.     None  of  the  experi-  The  expcH- 
ints  which  Mr.  Rilier  peri'uimed  before  toe  fucceeded  with  ^""  fu"«ed 
him  on  th(  6rft  umL 
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Mr.  Ritter*s      bim  the  firft  time.     Mod  of  thefe  experimentt  have  never  yet 

Bc'ln^^'V^'    ^^^^  ^^^^  P"^^^^'  *"^  ^^"^  philofophers  h»vc  juflly  appre- 
preciatedy  ciated  the  value  of  thofe  which  have  been  given  to  (he  world* 

There  are  fome  people,  who,  habilualed  folely  to  the  ftriking 
effeds  of  grofTer  phyfics,  fuppofe  it  impoflTible  for  a  young 
philofopher  to  fee  any  thing  more  than  themfelves  in  the 
delicate  phenomena  of  a  more  refined  order  of  pbyfical  ex- 
periments. What  has  greatly  contributed  to  prevent  Mr. 
ptrdj  owing  to  Ritler  frum  attaining  the  high  reputation  he  deferves  is  bis 
htsftylo.  flyle,  which,  by  endeavouring  to  give  it  preeifion.   be  has 

rendered  obfcure;  but  in  converfation  it  is  quite  otherwife,  at 
here  he  combines  the  Hridleft  logic  with  the  greatell  fimplicity 
of  expreffion. 
Recount  of  Mr,  Rioter  is  one  of  thofe  men,  who  owe  every  thing  to  tbc 

Mr.  Hitter.  infpiralion  of  genius,  nothing  to  education.  He  was  intends 
ed  fur  a  mechanical  occupation,  when  the  difcoveries  of  gal- 
vani  excited  in  him  that  innate  laHe  for  the  pbyfical  (cienoesji 
which  has  carried  him  over  every  obflacle,  and  raifed  biro  to 
rank  among  the  fird  natural  philofophers.  Deftitute  of  every 
fource  for  procuring  himfelf  the  apparatus  indifpenfable  to 
ordinary  phyfics,  but  fwayed  by  the  enthufiafm  of  inquiry, 
he  greedily  feized  the  opportunity  of  obeying  this  impulfe  by 
purfuing  a  feries  of  experiments,  that  require  only  a  fimple 
and  not  a  very  expenfive  apparatus.  Europe  has  rung  with 
the  fuccefshe  has  obtained  within  the  feven  years  he  has  given 
to  his  refearches.  He  -inuQ  have  written  much  to  procure 
himfelf  a  large  pile,  and  the  mod  neceffary  books  of  natural 
philofophy. 

Not  lefs  indefatigable  as  an  experimenter  than  ingeiuous  as 
a  theorid,  he  ha»  committed  to  writing  thoufands  of  experi« 
ments,  which  his  time  divided  between  galvanic  experiments, 
application  to  other  branches  of  phyfics,  and  the  (ludy  of 
languages,  has  not  yet  allowed  him  to  put  in  order  for  publi- 
cation. But  this  fiale  of  confiraint  is  about  to  be  at  an  end. 
The  eledor  Bavaria,  tiiat  enlightened  prince,  whofe  philo« 
fophical  beneficence  attracts  to  his  dominions  the  molt  di(^ 
tinguifhed  men  of  fcience  and  learning  throughout  Europe, 
has  jufi  appointed  Mr.  Ritter  a  Member  of  the  Academy  of 
Munich,  with  a  falary  of  about  200l.  a  year. 
He  is  compo*  Mr.  Ritter  has  been  employed  thefe  ^x  months  in  com^ 
fing  a  fyftemaric  pofiiig  ^  fvdematic  wofk  on  galvanifm.  but  he  does  pot  think 

work  on  gil-       r         •       ^  •  o 

vajufm.  *^® 
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MftiaU  be  able  lo  linifh  i[  in  left  Ihnn  two  or  llicee  yean. 
Vben  I  left  him  he  was  going  lo  poblilh  Tai'lct  of  GaioiiiiV PuWUhlng 
pPtu'jy,  including  all  (lie  TublUncos  on  which  he  has  "lade"^"^^' 
nterunenit.     ThuTe  lablen  will  be  of  as  n^ucb  impOFlance  lo 
galvanifra  as  iholc  of  Bergman  were  lo  diemiflrj  :   ihey  will 
iliow,  though  noi  yei  in  a  cumpk-le  manner,  ihc  order  in  which 
iubfUnces  follow  each  oihcr  witli  refpc^  to  cxciling  oi  ie> 
Gfiving  (he  galvanic  aflion. 
l3ul  to  relurn  lo  the  espi-rimenls  refpeOittx  the  charging  ofT'**  giU-inlfta 
als.     Mr.  Ritier,  aflor  hnving  ihown  me  bis  cxpcrinicDU  jiu  two  foiti. 
the  different  contradibilily  ul  various  inukles,  made  me 
Irferxe,  that  the  piece  of  gold  galvanifeil  b>  communicatiOR 
trlsal  once  the  aflion  <if  iwo  melBls,   or  ol  one  coiilliluent 
t  of  the  pile ;  and  that  Ihe  half  which  was  next  the  nega- 
tre  pole  while  in  the  circle  became  poliiivt:,  and  the  half 
llPard  the  pufilive  pciie  became  negative,     J  was  completely 
nvinced   of   the   reality   of   tliefe  diUcrent  plienamena,    fo 
iportanl  to  pti)fic  in  general,  and  lo  phyliology  in  par- 
^lar. 
Mr.  Ritier  having  difeovered  the  roelhoil  of  galvaniUng  Colder  neeila 
Idib,  as  iron  It  rendered  magnelic.  and  having  obferved  (hat  ^{p^j^^t,""^ 
llvanif^d  mctali.Blways  exhibit  Imo  pcilei,  ai  the  magnetic 
Mdledoes  had  tlic  curiiifny  to  oblerve  the  (.'ITuCi  ol  gulden 
sedles  charged  with  galvdnifin  and  balanced  on  a   pivol. 
&0  his  furpnfe  he  perceived,   that  Ihefe  nectlles  had  a  certain  ■""  '"■^h  ""p 
Bip  and  variation,  and  thai  the  angle  ol  vaiiaiion,  the  i|Uaniil)'  buidifTuKnt' 
I  which  I  am  foriy  I  cannot  recollect,    was  uniformly  the  f<°"'  '>x  )n*E- 
le  in  all  his  experiments.     It  dilTers  however  from  that  o[ 
magnetic  needle,  and  ihe  pofiliv«  pol«  always  dips. 


fronmeut  in  apjitj/in^  the  Puinis  ia  Eledncal  Machines. 
Mr.  G.  J.  SiNOEB. 


SIR, 


To  Mr.  NICHOLSON. 

Princa  Street,  Sep.  \Sth,  18CU. 


kN  the  ordiDBry  conllrLifiiun  of  eleflrical  machines,  Ihe  col- 
ffiio);  poinU  ate  fixed^  and  by  the  lead  accidental  motion  arc 
Bble  to  fcralch'  the  gtafs,  lo  obviate  this  inconvenience,  I 
place 
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pjttoe  my  points  in  n  cylindrical  wirCj  terminated  by  fiaMMli 
wooden  balls,  whofe  femidiameter  is  ]efs  than  the  lengkli  cf 
the  pQints:  This  wifie  ijs. moveable  on  its  axti,  by  meaiu«f  ii 
fpring  fockel  annexed  tfi  the  (lem  which  enters  the  oonda£ter: 
The  points  may  of  courfe  be  placed  at  eny  required  devaticMi, 
and  the  greated  ioienflty  any  variation  in  their  fitnation  pr»- 
ducef,  be  obtained.  When,  the  points  are  elevated  a  liltle 
above  the  horizontal  line,  the  danger  of  fccaichiog  the  gkb 
u  effectually  prevented,  by  the  balls  coming  ia  conlad  wbile 
the  points  are  kept  at  a  fiQall  diflance^  The  fi»urity  this 
application  produces,  and  the  additional  iotenfity  it  afibrdi^ 
have  induced  me  to  trouble  you  with  thia  Gommunicatipn. 

lam. 

Dear  Sir, 

Year's,  &c. 

G.  J.  SINGER* 


VII. 

^ueftion  whether  Light  as  a  Body  may  not  have  Um  Temperature 
raifed  or  lowered,  and  produce  tlie  ^edt  afcribed  to  reJUSU^ 
Heat.    By  J.  P. 

To  Mr.  NICHOLSON. 
SIR. 

Queftion  re-      X  OBSESSING  no  diflferenlial  thermometer,  nor  any  time  (o 

ipe^ng  light,    employ  it,  I  cannot  prove  whether  my  opinion  is  well  founded 

or  not,  reipcAing  the  ingenious  experiments  of  Mr.  Leflie  or 

of  M.  Pidtet,  by  which  the  refle6iion  of  inviiible  (not  radiant) 

heat,  and  even  of  cold,  appears  to  have  been  proved. 

Infleadof  there  being  an  actual  refleflion  of  heat  as  a  fub- 
ilance,  or  of  cold  as  a  fubftance,  is  it  not  in  all  thefe  cafes 
a  reflexion  of  heated  or  of  cooled  light  ?  In  the  expertmenti 
with  the  heated  cannifler,  the  light  of  the  room  is,  I  doubt 
not,  heated  by  the  canniiler;  and  if  colleded  in  a  focus,  muft 
produce  an  effedl  on  the  thermometer,  anfwerable  to  the  in* 
creafed  quantity  of  heat  with  which  it  is  impregnated.  Thus 
alfo  in  Monf.  Pixel's  experiment,  the  light  intercepted  by  the 
mirror  and  thence  refledled,  has  been  deprived  of  a  portion 
of  its  caloric,  or  in  other  words  cooled,  by  the  ice;  at  the 

focal 


Sacii  poinl  Iherefbre  wiD  be  a  colledlon  oF  cooled  ray;  of  liglrtt 
Vhich  mull  tiecelTarily  occalion  an  effect  on  the  Ihernioractf  r, 
the  revcrfe  of  iliat  ol  llie  former  experjmenl.  That  lijjlii  h  a 
body  capable  of  being  uniled  with  traluric,  and  that  tiealed  ur 
cooled  light  Ibouid  lliut  be  refleAed  and  occalion  all  il.e  pliCv 
nomena  of  Mr,  Ltilie's  nnd  oi  M.  Piflcl's  expetimenU,  a[W 
pears  lo  be  mucli  mo(e  probable,  Ihan  ihat  this  calorific  and 
ftigorilk  Quid  Ibduld  be  the  ambient  air,  or  that  cold,  as  a 
body,  fliould  be  tefle^ed  rrom  mirrors  in  fiich  a  manner  a* 
|ighi  ii  pcrliapB  only  capable  of  being  refleaed.  Were  itie 
experiments  fo  made  that  no  light  (hould  be  in  (he  room,  and 
only  a  fmali  conltned  portiun  of  light  ufed  lo  examine  Ihe 
thermometer,  tliefe  conjecluret  would  be  put  to  the  trial,  and 
i  Ua&  Uie  mydc-ry  would  be  removed. 

Sir,  your'*, 

J.  p. 


Jixperimenti  on  a  Mineral  formerly  catleil  fiiljt  Tmigfieiii,  now 
Cerile,  in  mliidi  a  ncx  Mctat  hits  beenfauikd.* 

JVLr.  Klaproth,  about  eight  monlhj  ago,  fays  Mr.  Vauqudin,  Kbpiaih  tar- 
fcnt  me  word,  that  he  had  difeovered  in  the  lungflern  of  UaAnas  f?'''' '"  t"** 
fi  new  earth,  lo  which  he  gave  ihe  name  of  ochmii,  on  account  mth  in  the 
of  Ihe  red  colour  it  accjuirc-d  by  calcinalion.      Meflrs.  HiGiigcr  '^'"*  fngflein; 
and  Berzelius,   hearing  thit,  wrole  lu  Mr.  V.  claiming  tiie  Hlilnger  and 
pnorityordirtoTcry,  bui  allitmingat  the  lame  time,  ihat  whal  ^";" '"*  ""* 
Ihey  liad  found  was  a  new  melal.     Tbefe  gentlemen  al'lerward 
lent  Mr,  V.  Tpecimcne  of  ihe  mineral,  which  he  analyfcd  in 
company  wilh  two  experienced  pra^ical  chemifts,  Meflri. 
TalTaL-rland  Bergman.   The  I'ollowing  nere  the  refulli  of  their 
imalylis: 

Thepure  cerite  f  is  remilranfparenlf  wilh  &  flight  rol^  tinge,  Chinfiin  of 

•  Abrr'Jgtd  from  a  paper  by  Vauquelin  In  the  Aantdtt  di  Cbirsie, 
Vol.  LIV.  p.  2S,  and  anolhrr  by  MclTri.  Hilingcr  and  Beridiui  ia 
Tan  Mon»"(  yourmi  dt  Chimu,  Vol.  Vf.  p.  UL',— C. 

f  MelTr*.  H.  and  B.  have  given  to  the  metal  the  name  of  cerion 
at  ttriuut,  from  the  new  phnet  Ccrei,  and  to  the  mineral  in  whiiU 
they  difeovered  it  that  of  (trile. 
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or  of  a  light  or  deep  flefh-coloor  *.  It  is  fufficiently  bard  to 
fcratch  glafsf ,  (irikes  fire  withdifliculty,  and  ilsfpecific  gravity  if 
4'530.  It  has  no  determinate  crynalline  figore.  Its  fra6lure 
is  compa6l  %»  and  a  little  ftiining.  Its  powder  is  of  a  gtey'ifh 
colour;  it  becomes  yellovr  by  calcination,  and  lofes  twdve 
|>er  cent  §. 

,£j[p,  1.  Two  hundred  parts  of  this  mineral  treated  with  nl* 
tro-rouriatic  acid  three  Uflics  fnccelTivelyy  gave  abnndamx  of 
jiitrous  acid  and  oxigenated  raorialtc  acid  gas.  The  lirfi  and 
fecond  folutions  being  diluted  with  water  were  of  a  gokl  colour; 
the  tliird  was  colour lefs.  The  former  two  being  mixed  depo* 
fited  rpontaneouQy  in  time  a  fmall  quantity  of  white  fediment. 
The  reliduum  left  by  the  nitro-muriatic  acid  was  of  a  gray  co- 
lour with  a  flight  rofeate  tinge,  and  weighed  62,  To  ihM  13S 
parts  were  diffi^ved. 

Exp.  2.  The  Colutions  being  evaporated  to  the  conlillenoo 
of  fyiup  to  volatilife,  the  fuperfluous  acid  remained  clear  to  the 
end  of  the  operation.  Their  refiduum,  diluted  with  water, 
afforded  a  milky  liquor,  with  a  (light  rofy  tint,  and  a  very 
aftringent  lafte. 

Prufiiate  of  potaih  produced  in  it  a  greenifh  bhie  pree?pitate : 
the  colour  of  which  was  changed  to  a  brown  by  a  fmall  quantitjr 
of  ammonia. 

AW  the  liquor  into  which  a  fmall  quantity  of  ammonia  had 
been  put  to  precipitate  the  iron  alone  was  poured  into  a  filter, 
but  would  not  pafs  through.  It  was  heated  therefore,  and 
filtered,  when  it  appeared  of  a  gold  colour,  and  had  a  very 
i'accharine  tade.  Pruffiatc  of  potaHi  and  oxalate  of  ammonia 
threw  down  from  it  perfectly  white  precipitates. 

The  matter  lefl  on  the  filter  continued  for  a  long  time  to 
impart  a  yellow  tinge  to  the  water  with  which  it  was  waihed. 
It  was  of  a  red  colour,  and  appeared  like  oxide  of  iron  at  a 
maximum  of  oxidation. 

The  folution  thus  deprived  of  the  red.  matter  by  ammonia, 
was  examined  by  various  reagents.  Prufliate  of  potafli  gave 
with  it  a  white,  flocculent,  gelatinous  precipitate.     Infufion 

*  Opake,  and  fomctimcs  but  very  rarely,  ycllowifb.  Mcflirs. 
H.  and  B. 

i  Does  not  fcratch  glnfs.  H.  and  B. 
X  Unequal  and  angular.  H.  and  B< 
§  Six  cr  feven.    H.  and  B. 

of 
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of  galls,  a  brown»  flocculent  fedimept,  unaffefied  by  muriatic 
acid.  Carbonate  of  potaQi,  a  Viery  copious  white  gelatinous 
precipitate.  Cauftic  potaQi,  the  fame;  and  an  excefs  of  this 
reagent  produced  no  change.  Oxalate  of  ammonia,  a  very 
copious,  white,  flocculent  precipitate,  infoluble  in  an  excefs 
of  oxalic  acid.  Sulphuric  acid,  a  yellow  cryflaliine  precipitate 
Ibluble  in  water.  Muriate  of  tin  whitened  the  folution  without 
forming  any  precipitate. 

£j/>.  3.  After  this  the  folution   was  evaporated,  when  it  Attempti to  fiia 
inftantly  became  turbid,  and  formed  an  abundant  fle(h«coloured  *    ^^"^  ^"^' 
depofit.     Thi«  was  treated  with  acidulous  oxalate  of  potafli  to 
diflblve  the  iron  without  fuccefii :  the  addition  of  nitric  acid 
was  as  unfuccefsfut :  hut  muriatic  acid  added  to  the  preceding 
diflblved  i\\9  precipitate  with  efiervetcence  and  the  emiflion  of 
oxigenated  muriatic  acid  gas.     A  white  cr^iialline  fubllance 
however,  remained,  coniiAing  of  oxide  of  cerium  with  oxalic 
acid.     The  greater  part  of  the  excefs  of  acid  in  the  folution 
being  faturated  with  ammonia,  oxalate  of  ammonia  was  added 
till  no  more  precipitate  was  formed.     This  precipitate  had  all 
the  properties  of  oxalate  of  cerium.     Ammonia  threw  down 
from  the  filtered  liquor  oxide  of  iron. 

Exp,  4.  The  matter  precipitated  firom  the  folution  of  cerium  Mariate  prect- 
by  ammonia  in  Exp,  2,  dilfolved  with  efFervefcence  in  muriatic  ^1^  A'^'^nmliit 
acid.     Oxalate  of  ammonia  threw  down  from  this  folution 
oxide  of  cerium,  and  the  filtered  liquor  contained  oxide  of 
iron  tolerably  pure. 

Exp.  5.  The  liquor  freed  from  the  greater  part  of  the  iron  Nitnt«  pfcetfii. 
by  ammonia  and  heat,  which  had  notwithdanding  a  flight  ro-^f^^^Q^j^ 
feate  tinge,  was  precipitated  by  oxalate  of  ammonia.  The 
precipitate  at  the  moment  of  its  formation  had  the  appearance 
of  muriate  of  fiiver,  but  foon  became  granulous  and  fubfided 
in  this  furm»  The  liquor  palfed  through  the  filter  colourlefs, 
and  the  rofy  tinge  remained  in  the  oxalate. 

Exp,  6.  As  the  liquor  from  which  the  oxalate  of  cerium  was  Oxa^*"  of  ficoB 
precipitated  contained  an  excefs  of  acid,  it  might  be  prefiimed  ^^*^  * 
to  hold  in  folution  mod  of  the  oxalate  of  lime  formed  at  the 
fame  time,  if  the  cerite  contained  any.  Accordingly  it  was 
mixed  with  the  water  that  had  wafhed  the  precipitate  and  con- 
centrated by  evaporation,  when  on  the  addition  of  ammonia  a 
fmall  quantity  of  oxalate  of  lime  was  thrown  down. 

Exp.  7.  As  notwithdanding  fome  oxalate  of  lime  might  have  ^e^  of  the  Bioa 
been  precipitated  with  the  oxalate  of  ceriumi  a  portion  of  the  ^P***^^ 

red 
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red  oxide  of  cerium  arirmg  from  (he  decompofiUon  6f  the  t>ir« 

alate  by  calcination  was  diflfbtvcd  in  muriatic  acid.     A  brifk 

eflTervefcence  inflantly  took  place,  with  the  e¥o1utiofi  of  6A 

^nated  mariiAic  gast,  which  continued  till  the  whole  was  diC* 

p[>lved|  and  differed  in  no  refpedt  from  that  prepared  with  oxiifo 

of  manganefe. 

BfoHsdc  folo-       The  folution  of  cerium  in  moriattc  acid  was  clear,  and  had 

J^^^J^^"    only  a  light  rofy  tinge.     To  fcparate  it  from  tl»e  lime,  if  Cheiv 

aBMooAia*  were  any »  ammonia  was  added,  when  the  folution,  having  been 

diluted  with  btit  a  fmall  quantity  of  water,  congealed  info  a 

fcmitranfparent  gelatinous  mafs,  which  it  was  necellary  to  agi* 

tate  with  a  great  deal  of  water,  before  it  could  be  gotten  out 

of  the  bottle. 

The  precipitate  being  wa (bed  and  calcined  was  ¥ery  cowpaft, 
and  had  a  brilliant  fracture. 

The  licfuor  thus  decompofed  by  ammonia  contained  Kme^ 
as  appeared  on  precipitating  it  with  ostalate  of  ammoilia. 
Oxalttc  of  ccri-     At  the  indant  when  the  oxalate  of  cerium  is  preciprtated  hf 
**™*  ammonia  it  is  white  and  femitranrparent ;  but  by  agitation  in 

the  air  and  deficcation  it  aflTutnes  a  yellowish  colour,  and  be- 
comes opake.     A  remarkable  circumftance  is,  that,  if  it  be 
boiled  with  ammonia  or  potafli  before  it  is  dry,  it  beComta 
Does  not  com-    again  pcrfeQIy  while  and  opake.     Tiiis  is  not  owing  to  any* 
b^c  with    -      combination  of  I  he  alcalies  with  the  cerium,  for  when  it  has 
been  well  wafhed,  no  trace  of  them  can  be  difcovered  by  the 
mod  careful  analyfis. 
Ccipponentpwrtf     The  refiduum  left  untouched  by  the  acids  was  aflerwards 
examined  ;  when  it  appeared,  liiat  the  pured  ore  of  cerium  * 
from  fiadnas  contained  in  100  parts. 

Oxide  of  cerium 

Silex       -  -  - 

Oxide  of  iron 

Lime      .  •  - 

Water 

SJ8-5  t 

Cerium, 

*  Mr.  Vauqiielin  anal y fed  other  fpecimcns,  which  were  mixed 
with  green  a£linote  and  cupreous  pyrites ;  bqt  as  nothing  particular 
occuned  in  thefe  analyfcs,  it  is  unnecelTaiy  to  enter  into  them. 

f  Meflrs.  H.  and  B.  fay :  (ilex  23  parts,  carbonate  of  lime  5*5, 
oakle  of  iron  23^  and  of  oxide  of  cerium  after  calcination  more  than 

^0. 
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I  Cetium,  like  feveral  other  meUU,  »ppear»  fufceptiWe  of  two  Cetium  bu  iwa 

VcrydJiiinfl  degrees  of  uxi^enalion:  ihe  oxide  which  contaiM ""*"' 
leafl  OJLigen  is  white  i  thai  which  is  Isturaled  with  it  is  of  a 
feJIow  t«d.   Though  Ihey  ililfer  canfideralily  in  certain  lefpefli, 
Iheir  quantities  of  oMgen  are  not  very  dillicnilar,  whence  they 
are  readily  aod  eafily  commutable  intoeath  other. 

Tbe  Mhile  oxide  expolied  to  the  hkiwpipe  foon  becomes  rei!,  Eipa&t  lo  th* 
but  does  Hot  nieil.  <ti  even  agglutinate.     With  a  large  propor.  ^"'"'*  *'* 
lion  of  bu(3K  it  oieltsinlo  a  Iranfparent  yelluw globule*:   wilh 
leCi  the  globule  becomes  opake  on  coolint;.    On  healing  gently 
fi  Irani  paretu  compoui^d  of  borax  anil  oxide  of  ceriutn  it  become* 
silky  like  a  tin  enamel. 

Tlie  white  oxide  of  cerium  becomes  yellowilh  in  the  open  Takfi oilgca 
^ir,  but  neverloiedasby  calcinalion.  b^wofe  il  readily  com- J^l^jJ^"^ 
bines  wilh  carbonic  acid,  which  oppofes  itE  union  with  03cigen*li, 
to  ihe  point  of  faiuration,  and  becaafe  it  always  retains  a  por- 
tion of  water,  whidi  dimiiiitl^ei  its  colour. 

C^uftic  poladiby  Ihe  afliflance  of  heal  deprives  the  red  oxide  Akili«  do  IMC 
of  parlof  iU  vxigen.  and  renders  it  white.     Thi»  being  dried, '    ""^ 
however,  aivJ  urged  lu  the  Date  of  fufian,  becotnei  rod  again. 
Alcalies  have  no  other  adion  on  it. 

1.  fiulphur'ic  acid  difTolves  the  red  oxide  wilh  great  difficulty.  Sulphuric  acid 
EqiMl(iwl«  'of  it  and  of  fulphuric  add  diluted  with  four  limes^;']'"'*  "^*''- 
ilt  weight  of  water  combine  readily  when  heated  :  the  whole 
majKairumingacryflaitineforni  and  brilliant  afped.  On  adding 
freOlacid.  and  healing;  them  togulher  a  lung  time,  a  complete 
fiiluUontalici  place.  This  folution  being  evaporated  by  a  gentle 
bc»t  cryftiillii'e)  in  very  fmall  needleii,   fome  of  which  ureTwo  fiilphjKi. 
oiangcf,  oilieri  of  a  lemon  colour.     If  evaporated  quickly, 
noltting  but  a  yellow  powder  is  obtained. 

54.    The  iiicreafe  of  weight  they  afcibe  to  oxigcn  abroibcd  by  the 
iron  and  the  cerium. 

■Firit  blosd-rcd,  then,  as  the  heat  decreafei,  green,  yellowilli, 
and  finally  culourtcfs.  If  il  be  kept  ii>  the  middle  of  ihe  fl^mc  it 
coiitiiiuci  IS  clear  and  colourlefi  ixi  gbf^.  Thefe  phenomena  are  Wlih  >  fhaC- 
inore eridcnt,  if  aphofphorie  fait  be  employed.  If  two  coloutUft  p*""*  •»''• 
frsnipateni  globules,  one  fonned  with  bomx  the  other  with  a  phof- 
phoric  l^lli  be  fufcd  togcilier,  .i  iranfparent  compound  is  produced, 
which  on  GOJjluig  bccoiuct  o^akt,  and  uf  a  penil  colour.  MelTi). 
H.  and  B. 

t  Thefe  MelTt.  H.  ind  B.  confidu  a  an  acidulous  ful(>baie  of 
qetiuni  at  a  maximum  of  oxidation. 

The 
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The  fulphatc  oF  cerium  is  foluble  in  water  only  by  mean!  of 

an  excefs  of  acid.     lis  taQe  is  faccharine  and  acid. 

With  the  white       Siilpliuric  acid  eafilv  combines  with  the  white  oxide,  particu* 

oxide,  ]^r\y  i„  iiie  dale  of  carbonate.    The  folulion  is  coloorlefs,  or 

with  a  flight  rofy  tin*i^e ;  of  a  facchaiine  tafle  wilhoat  any  per* 

ceptlble  acidity  ;  and  leadily  affords  white  or)' dais. 

Kttric  acid  with      Nitric  acid  dot*s  not  readily  diflblve  the  red  oxide  onleTi 

the  red  oxide,  ^f^^i^^  5^  heat.  If  ii,e  acid  be  fuperabundant,  the  folutioil 
yields  while  deh'qiiefcent  cryftals:  if  not,  nocryftalsaie  formedf 
but  a  ycllowifh  fait  is  formed  by  deficcation,  of  which  alcohol 
at  38^  will  diifoivc  half  its  weight.  The  nitrate  of  cerium  tt 
decompofable  by  heal,  and  leaves  a  brick-coloured  oxide. 

With  the  white.  The  white  oxide  unites  more  readily  with  nitric  acid,  bat 
this  fait  it  not  more  eafily  cryflallizable.  Its  tafte  is  at  firft 
pungcfnt,  afterward  very  ftigary* 

Muriatic  acid.  Muriatic  acid  ditfolves  the  red  oxide  with  effenpefcence* 
Tho  folution  cryflallizes  confufedly.  The  fait  is  deliquefcenti 
foluble  in  an  equal  weight  of  cold  water,  and  in  three  or  four 
limes  its  weight  in  akx>hol.  The  Oame  of  this  folution  acquires 
DO  colour  from  the  fait,  but  if  agitated,  white*  red*  and  pnrpie 
points  appear  in  it  *. 

Oi'senatrd  mu.     Oxigenatcd  muriatic  acid  has  no  adion  on  the  red  oxide,  bol: 

fiatic  acid.         diflolves  the  white,  without  yielding  to  it  any  of  tli  oxigen. 

Catbonjc  acid.  U^*-  o>'ide  of  cerium  unites  ealily  with  carbonic  acid.  The 
moft  limple  and  ready  method  of  forming  this  compound  is  to 
dei:ompofe  a  folution  of  the  nitrate  or  muriate  of  the  white 
oxide  by  fat u rated  carbonate  of  potadi,  when  a  very  white 
precipitate  will  be  formed  with  <:flFervefcence,  which  is  very 
light,  and  on  drying  affumes  a  ihining  filvery  appearance. 

Hidro-fulphures      Sulphurated  hidrogen  does  not  combine  with  cerium :  but 

Icparaic  iron  hidrofulphures  may  be  employed  fucceflively  to  feparate  any 
iron  that  may  be  mixed  with  it ;  for,  when  this  is  the  cafe,  the 
f\rft  portions  of  hidrofulphure  will  throw  down  from  the 
folulion  of  cerium  a  greemiii  precipitate  till  no  more  iron 
remains. 

"Pirtarous  acid.  The  white  oxide  will  unite  dire6)ly  with  tartarous  acid,  but 
requires  an  excefs  of  the  acid  to  render  it  loluble  f» 

Mr, 

"*  When  this  folution  is  concentrated  it  bums  with  a  yellow  fpark* 
ling  flame.     Meflrs.  H.  and  B. 

t  Meflri.  H.  and  B.  have  obfcrvedj  as  well  as  Mr.  V*  that,  if 

the 
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Mr,  Vauqueliu  made  fcveral  unfuccefsful  atlcmpls  to  reduce  Reaaaion  of 
tliis  melal ;  at  firft  he  ufed  the  oxalate  made  into  a  parte  with  ™  ' 
fat  oil.  However,  having  mixed  tartritc  of  cerium  with  a  very 
tmall  quantity  of  oil  and  lamp-black,  he  put  it  into  a  crucible 
of  charcoal  bedded  in  fand  in  an  earthen  crucible,  and  heated 
it  for  an  hour  and  half  in  a  forge  furnace.  A  metallic  globule 
fcarcely  as  large  as  a  pin's  head  was  now  left  in  the  coal,  but 
no  other  trace  of  cerium  could  he  difcovered,  though  the  (and 
was  examined  with  the  utmod  care. 

None  of  the  fimple  acids  aded  on  this  globule,  but  it  dif-  The  globuk  es« 
folved,  though  with  extreme  difficulty,  in  aqua  regia,  after  being 
triturated.  The  folution  wa^  reddifli,  and  exhibited  unequi* 
vocal  marks  of  iron :  but  it  likewife  gave  evident  (igns  of  the 
exiftence  of  cerium,  both  by  its  faccharine  tafle,  and  by  the 
white  precipitates  which  tartrtte  of  potalh  and  oxalate  of  am- 
monia threw  down.  The  metallic  globule  too  was  harder^ 
much  more  fragilet  more  fcaly  in  its  fradlure,  and  more  white 
tlian  pure  cafl  iron. 

As  from  thefe  experiments  cerium  appears  to  be  volatile,  a  Volatile,  but 
(imilar  mixture  with  the  addition  of  borax  was  heated  in  a  blimc'it  fruit^ 
porcelain  retort,  to  the  neck  of  which  a  porcelain  tube  waslcfs. 
adapted.    Whether  from  the  infufficicncy  of  the  heat  however, 
or  firom  the  "metal  being  volatilized  without  adhering  to  the 
neck  of  the  retort,  no  trace  of  fublimate  was  found,     fiut 
feveral  very  fmall  jmetallic  globules  remained  in  the  retort,  ad* 
heriog  to  a  black  varni(h  formed  by  the  borax*     There  were 
fome  of  thefe  globules  about  the  upper  part  of  the  veffel,  to 
which  apparently  they  had  been  fublimed  by  the  force  of  the 
fire;  but  all  thefe  globules  together  would  not  have  amounted 
to  a  fiftieth  part  of  tiie  cerium  employed. 

the  falts  of  cerium,  decompofed  by  tartritc  of  potafli  ftill  contain  Simple  and  itadf 
traces  of  iron,  the  ironnroains  diffolved  in  the  liquor,  particularly  J'**^****.**^^'**" 
if  a  flight  excefs  of  tartiite  be  employed.     Accordingly  they  have  jJ^Jj^^^Jj^^'J^"*'* 
propofed  chi«  method  as  the  beft  and  fimplr ft  for  freeing  the  cerium  uinlh^he  ox* 
from  iron.     The  procefs  they  recommend  for  obtaining  pare  oxide  ^^^  P^^^ 
of  cerium  is,  to  ^iHolve  in  uitro-muriatic  acid  any  quantity  of  cerite» 
carefully  fele^ed  and  thoroughly  calcined.    To  filter  the  folution, 
ntutralise  it  by  cauftic  pota/h,  ^.d  then  precipitate  by  tartrite  and 
pota(h.'   The  precipiute  well  walhcd|  and  afterward  calciaed,  it 
pure  oxide  of  cerium. 
,  .■•'<'  '■■     . 
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IX. 

AbJiraSi  of  a  Memoir,  entitled  Confideratiom  on  Cohurs,  end 
fiveral  of  their  fingular  Appearancea ;    read  at  the  Claft  qf 
Mathematical  and  Phjifical  Sciences  of  the  National  Jvfiittde, 
March,  1805,  /y  C.  A.  Prxeuh.*. 

Objea  of  ihe     v^UR  author  here  endeavours  to  account  for  feveral  pheoo- 
menooir.  mena,  which  appear  to  him  never  yet  to  have  been  properij 

explained  :  or  rather  it  is  his  objeft  to  exhibit  a  general  theory, 
by  means  of  which  all  cafes  of  coloured  appearances,  even  the 
mofi  extraordinary,  may  be  referred  to  certain  principles. 
Brgins  with  the      He  fets  out  from  the  known  opinions  concerning  the  various 
int*frorn  a  '  V  0*^^'^*  "^  lurhinou*  rays,  the  colours  refulting  from  a  mixture 
tureoir^yb.       of  feveral  of.lhefe  rays  taken  at  different  parts  of  the  folar 
fpcflrum,  and  among  others  the  very  remarkable  cafey  where 
the  rays  are  fo  chofen,  that  tlielr  union  produces  on  the  organ 
of  light  the  fenfation  of  whitenefs,  e<ven  if  two  forts  of  rays 
only  be  employed. 
For  which  we         For  thefe  ideas  we  are  indebted  to  (he  difcoveries  of  the 
we  indebted  to    in„nortoI  New  ton,  and  they  flow  immediately  from  the  me- 
thod he  has  propofed  for  determining  what  colour  would  be 
obtained  from  a  mixture  of  certain  quantities  of  other  given 
colours. 
Preliminary  re-      ^'  ^*®  would  thoroughly  comprehend  what  pafles  in  the 
sulfites.  feeing  of  colours,  it  is  indifpenfuble  in  the  firfl  place  to  obtain 

a  familiar  acquaintance  with  (he  fliades  compofed  of  feveral 
linipie  rays;  to  acquire  precife  ideas  of  black  and  c^  white, 
and  uf  tlie  complicatiun  thefe  introduce  info  coloured  appear* 
ances;  and  more  efpccially  (o  underfland  the  relation  of  co* 
lours,  whirhj  taken  two  and  two  in  a  certain  order,  are 
capable  of  forming  by  their  union  white,  or  if  you  pleafe  any 
other  compound  tint. 
Complementary  Two  colours  having  this  kind  of  relation  to  each  other  are 
reciprocally  termed  amipltmenlary  colours :  one  of  ihefe  being 
given,  the  other  may  be  determined  with  mere  or  l^fs  precifion 
by  various  modes  of  experiment,  calculation,  or  llmple  teafoit* 
ing;  and  the  confideration  of  \\tcm  applies  very  afefally  to  a 
great  number  of  cafes,  as  will  be  feen  farther  on. 

*  Tranflatcd  from  the  Annnlts  de  Cbimift  VoK  LIV.  p.  5,  April, 
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"W*  here  paft  over  many  parlicuUrs,  which  pcrfoniverfed  in 
the  fi'icni-'c  of  optics,  (>r  habiluaU^  In  ihc  pracllcal  applies* 
tioa  of  coldUFR,  will  enlily  fupply,  Bi:lii)et,  llie  lubreijueiit 
pan  of  the  memoir,  ot  which  we  have  undirUken  lo  give  an 
•ccuuni,  will  furnilb  an  og^porlunily  uf  repealing  what  is  moft 
nscelTBry  for  underAanding  there  I'uhjeAs. 

After  (hefe  prvlirainatle:  ihe  aulhnr  proc«e<Is  to  obfervaljonx  Coatr>fti* 
on  coniraftt.  He  employs  (Ins  woid  lo  chareflerize  ihs  cffi-it 
of  Ihe  iimulianeou*  vifion  of  two  ful>Hances  diffureolly  co- 
Joured,  when  bioiight  near  [ogeihcr  under  certain  circHn- 
Aancei.  Coinraft  llien  i*  httc  a  fumpafilon,  from  ivhith  r<- 
fulli  the  fentimeni  of  a  ct-riajn  ililfercnce,  grcai  ni  fmaH.  It  w 
pretty  generally  known,  and  painter*  in  parUeular  are  well 
aware,  that  a  culuurcd  fubllance  occupying  a  I  pace  of  Itllle 
extent,  and  placed  near  </t  furrounde'^  b)  a  given  colour,  has 
not  (he  fame  appearance  as  in  ih«  neighbourhood  of  another 
colour:  but  whi'nte  antes  ihiii  dilference  P 

Before  we  atlenipt  to  anfwer  this  tiueflion,  let  at  make  an 
«irenli»l  tlillinAion.     The  colour)  in  quellion  muQ  be  eiUter 
-iKimQKi'neiil,  that  it  foriued  of  one  furl  ul  rays  onlyi  orcon- 
poand,  that  is  formi-d  of  a  mislure  of  different  rays. 
>     in  ibe  fill)  cafi:,  it  mul   be  coi>fclIed,  we  are  ignorant,  Contriili  sf 
whether  the  apptosimalion  of  diifjrenl  fimple  colour*  would  ^"'''^i'"^'^' 
.pr«(lu(,-e  any  alteration   in  their  rvfpedive  appearonce.     As  mined. 
.  we  felilom  have  an  ojipurlutiily  of  feeing  exUibilions  of  co> 
lotirof  ihit  kintt.  aiid  it  ib  not  eafy  lo  arrange  I'urh  at  will,  no 
,  sxperimeols   have  jct  been  made  on   their  coiiUails.     The 
J'ubjed,  however,  i>  wtll  worth  tludjing. 

As  loconipouiHl  colours,  and  Inch  are  almol!  all   thofe  of  Ut  tffcQ  pro- 
tiaiural    or   artificial   lubftances    as   out   author   (bevvs  in  the  1"!?. *'''')'■ 
cour&ofhin  paper,  tbc  ni-w  colours  exhibited  by  tonlrafl  arecsluidhcny* 
aI way KfOnfurra able  lo  the  linl  thai  would  be  obiaincd  by  ab- '/"''*'""  '?  , 
flrocling  from  Ihe  colour  proper  lo  one  ot  the  lubfiancei  the  wjti,  j[. 
.tayt  analogous  lo  the  colour  of  the  other. 

Thus  if  we  place  on  red  paper  a  Hip  painted  orange-colour,  Onngc on  ni 
lie  Jailer   will  appf.ar  nearly  yellow:  on   the  cujilrary,  ihe 'f^'"  *'""*' 
'  iuaK  ftiip  placed  on  yellow  paper  will  appear  neajly  red.      If  ">"  jdUtm,  tU  i 
we  place  it.  on  vicilci  paper  it  wiil   rcCunie  n  yellowilh  lin|,  op  vialer,  yei- 
twl  didcreni  from  ihe  former  ;  and  laltly,  on  green  p*per  it  '""'"^ ' 
nill  appear  red,  but  in  a  ditfercnl  degrw.  gibcrie4i 
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becaufe  orang«        The  explanation  of  ihefe  in  (Ranees  by  Ihe  rule  propofed  if 
rayi*but°bkc.     ^^)''  '^  ^^®  fiippofe  the  orange-colour  of  ibc  little  flrip  to  be 
compounded  of  all  the  rays  except  blue,  wliich  is  commonly 
the  cafe. 

A  multitude  of  combinations  of  colours  thus  placed  upon 
one  another,  bring  out  the  colour  of*  contrafi  indicated  by  the 
Contraft  modi-   role  abo\'e  laid  down  ;  but  there  are  feveral  circumflaaces 
StJcts  ^"'""'  ^^*^  render  the  <tfea  more  ftriking,  or  modify  tlie  refuU. 
Degree' of  light.     Sometimes  it  depends  on  the  degree  of  light  by  which  the 
colours  are  obferved.     They  may  be  illumined  uniformlyy  or 
fome  more  than  others.     The  quantity  of  light  entering  fimut 
taneoufly  into  tlie  eye  from  the  whole  lield  of  view,  has  like- 
tdany  contrafts   wife  its  influence,     if  the  colours  form  feveral  furroanding 
•t  once.  borders  to  each  other,  as  a  feries  of  circles  decreaiing  in  fize 

and  placed  one  upon  another  would  do,  they  will  aB,  recr* 
procally  on  each  other.     At  every  jundion  there  will  be  on 
each  tide  a  border  coloured  by  the  contraft  of  the  dUljacent 
tint.     Thefe  borders  will   be  of  greater  or  lefs  exteot  in 
proportion  to  the  brightnefs  of  the  colour.     The  effeCt  of  a 
Jingle  one  may  be  i'ufficient  to  deaden  or  annihilate  all  the 
reft. 
Iflfra  increafed     The  colours  of  contraft  will  appear  likcwife  with  greater 
by  llifht  .atiguc  vividncfs  after  having  obferved  them  a  few  moments,  or  if  the 
coloured  fubftanccs  he  (iiakcn  a  little,  fo  that  they  may  pafs 
llowly  over  the  retina.     It  feeni<  as  if  a  certain  fatigue  of  the 
eye,  either  inftantancoully  with  regard  to  the  intenfity  of  the 
light,    or  more  ilowly  by  a  prolongi^d  vifion,  concurred  to 
But  not  by  ex-   produce  the  appearances  in  qucftion.     But  an  exceftive  fatigue 
ccfTife.  of  the  organ  would  produce  a  degeneraliun  of  the  colours  be- 

longing to  another  mode. 
Colour  on  ffii         We  ought  not  therefore  to  refer  to  contraft  thofe  imtHref- 
retina  aiier  ex-    ^^^^^  mentioned  by  i%lpinu8,  which  are  propagated  io  the  eye 
light,  not  from  with  a  certain  duration,  and  a  particular  period  of  tints,  when 
cuniiitil.  y^Q  ),2ve  looked  flcdfaftly  on  a  very  brilliant  light,  as  that  of 

the  fun. 
BuflTotrs  accU        But  the  colours  termed  by  Duftbn  accidental,   on  which 
dental coloursarc  Scherfer  has  written  an  interefting  eflay,  belong  to  the  clafs  of 

contrafts,  or  at  leaft  conftantly  obferve  the  fame  law. 
cokMirtd  (hadows     Coloured  Jhadows  are  another  phenomenon  of  the  fame  kind, 
of  the  fame  n*-  Q^^^^  Rumford  has  eflabliftied  this  fad  beyond  queftion  in 

•twe 
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virt)  eflaysi  where  he  ha«  treated  the  fubjcdl  in  a  very  pleafing 
manner.* 

Mr.Prienr  thinks  that  thofe  appearances  of  the  folar  light  affo  Hght 
received  through  a  hole  in  a  coloured  curtain,  which  General  ^"[0^^^  gu,t 
.Meufnier  had  redfsarked  on  account  of  their  fingularity^  arc  tain; 
•alfo  to  be  afcribed  to  contraft.     With   this  (00  he  ailimtlatesop^si 
feveral  cafes  of  colours  difpla ycd  by  opals,  or,  to  fpeak  more 
generally*  by  bodies  including  perceptible  opake  parts  difTe- 
minated  through  a  tranfpareut  fubOance.     In  the  fame  way  <»W  duil  on  piper 
'he  explains  the  colours  under  which  the  grayifh  dud  co11c<5)ed  ' 

by  age  on  papers,  or  on  coloured  (luflTs,  appears;   and  he  and  blueneli  of 
■«lraws  the  fame  inferences  with  refpedl  to  the  blueifh  appear-      ^**°'* 
ttnce  of  the  veins  of  the  human  body. 

He  likewife  propofes  a  new  method  of  rendering  the  colours 
•of  contrail  very  feniible,  more  fo  than  even  by  the  known 
procefs  of  accidental  colours,  and  neverthelef*  without  occa- 
fion:ng  any  extraordinary  fatigue  of  the  eye.  This  lafl  circum- 
fiance  is  of  no  fmall  confequence,  for  every  one  rauft  be  aware, 
that  fo  delicate  an  organ  cannot  be  drained  by  over  exertion 

•  without  danger. 

This  method  confifts,  the  obferver  beinjr  in  a  room  with  a  Method  of  ren- 
good  light,  in  placing  agatnd  the  window  the  coloured  papers,  ^^"fenfible.  ' 
on  which  he  means  to  obfervelhe  contrails  in  the  manner  above 
mentioned.     The  coloured  paper  ferving  as  the  ground  will 
then  poflefs  a  degree  of  femitranfparcncy,  while  the  little  flip  of 
a  different  colour  placed  upon  it  is  more  opake,  and  in  the 

•  ihadey  on  account  of  the  double  thicknefs  of  paper:   thus 
the  colour  produced  by  the  contrail  is  rendered  rooch  more 

■  ilriking. 

From  this  arrangement  too  refults  the  fingularly  ftriking  Slip  of  while 
effect  of  contact  of  a  little  flip  of  white  paper  applied  fuc-  f^^**^^^ 
ceflively  on  paper,  glaf*,  and  cloth  of  a  given  colour.     When  gbfs,  Ac. 
the  tranfparent  body  is  red,  the  opake  white  appears  blueifli 
green;  if  the  ground  be  orange,  it  is  decidedly  blue;  on  a 
yellow   ground,   a  kind   of  violet ;    on   a  crimfon   ground, 
green,  &c, ;  always  correfponding  exa6lly  to  the  complcmnUary 
colour^ 

On  this  it  mud  be  obferved,  that,  according  to  the  rule  al-  Ezplaaitlon* 
ready  mentionedi  if  we  nbftrad  from  whitCf  which  is  a  com- 

^  See  his  Fhilofophicai  Works,  Vol.  I.  p.  319,  and  following. 
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poand  of  all  (he  coloured  nyn,  the  red  rays  for  exsmple,  fhe 
remaining  pencil  ought  to  appear  a  very  pale  bluetfh  gnmz 
but,  as  in  the  experiment  abo\'e  the  little  white  flip  is  in  (be 
fhadcy  the  black  hence  arifing  may  be  of  a  proper  degree  to 
dellroy  the  efied  of  the  white,  and  then  tht^  blueifh  green  ap- 
pears of  a  lively  tint.  The  fame  reafoning  is  applicable  to  the 
cafe  of  all  the  other  colours. 
Refleaed  light  To  obtain  the  full  eflfeft  in  repeating  thefe  experimenta,  we 
flMft  be  avoided.  nm(j  i^j^^  care,  while  procuring  a  favourable  light,  to  gosnl 
againfl  the  reflexion  of  adjacent  bodies,  and  againft  double 
coloured  fringes.  Thus  when  tiie  bright  Ngbt  tranfmitled 
through  the  window  furrounds  (he  (ranfparent  paper,  it  umf 
very  fenfibly  augment  the  brightnefs  of  (he  colour  ef  oontraH, 
or  injure  it  by  introducing  ano(her  (int,  according  (o  the  ctXoai 
of  the  body -under  obfervation.  We  have  it  adwayt  in  our 
power,  however,  to  get  rid  of  this  fopercQropofition,  by  takio|( 
a  piece  of  black  cloth  or  pafteboard  to  roa(k  the  otjeft  tiMi 
incommoded,  or  by  looking  througii  a  blackened  tabe  fe  as  to 
confine  the  field  of  viHon  to  the  neccflary  etttent^ 

This  knowledge  of  contradmay  be  ufefully  applied  to  (hole 
arts,  which  are  employed  on  (he  fubjeft  of  coloavs.  The 
painter  is  aware,  that  it  is  not  a  matter  of  indifference  whfrt 
colour  is  placed  near  another:  but  when  he  is  acquainted 
with  the  law,  to  which  their  aftion  on  each  other  is  fufcjeAed, 
he  will  know  better  what  to  avoid,  and  how  to  difpofe  bis  tints, 
fo  as  to  heighten  ihe  brilliancy  of  that  which  he  WYdiea  to  bring 
forward.  Conlraftinj^  them  together  in  fuccellion  likewife 
offbrds  us  valuable  indications  of  their  nature  and  compefttion. 
This  the  author  himfelf  has  put  in  pradice  with  advantage  in 
his  manufa6lory  of  colours  and  paper-hangings* 

Thefe  confiderations  on  contraOs  led  him  to  the  examifittion 
of  a  very  fingular  cafe,  which  Mr,  Mongc  has  mentioned  arid 
through  gUfs  of  treated  with  his  ufual  fagacity  *.  This  cafe  is  the  white  ap- 
^(anxhue.  pearance,  which  a  coloured  body  fomelimcs  exhibiti  when 
viewed  through  a  giafs  of  the  fame  hue.  There  remained 
fome  uncertainty  refpefting  the  circumflances  adually  neceffitfy 
for  producing  this  efFcfl :  thefe  our  author  determines  by  par- 
ticular experiments,  and  he  enumerates  thofe  which  have  a 
favourable  influence  or  the  contrary.     His  conclufion  is,  that. 
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wh«n  we  have  llie.perciiplioii  o(  whtlencli  in  lhe(e  cafe*,  il  is 
owiog  fulely  lo  tite  afliun  of  Luiitrallif,  by  wbich  tlie  imfiFcf-  I 

tnn  at'  the  colnur  is  dculrned  or  ■nnihilated  ;  wbile  Utai  vf  a 
certain  ileKCee  uf  bri)(hinefi  Dill  TubSOt.  awi  is  noticed  IruDi 
lh«up|)ofitMnot  u  urtulcr  ilcifrue  ol  oblcurii/.  This  nmniici  New  dcfinFtiaa 
<rf  tonfiJeru^  the  lubjed  IcaUi  l«  •  lieiw  liefinilionof  whileiidt "' "'i'""''*  ' 
whicli  ha«  (,'crtujiily  nuliiinK  in  tl  incunlilient  ;  V'We  u  tvilA 
re/peiS  to  ut  the  jiaj'iUi<M  gf  Ught,  vilioi  no  particulai'  eulourpre- 
Amunattt  ittil,  or  is  ptixtited  in  it, 

■  la  (Jie  liiblvqiieni  part  ul  Iw  mennir  our  aulhor  particularly  Funhn  l^bJcA 
oonfiden  Ihe  uoltiunn^  ol*   Uiilcitjiil  opake  and    tranfpatenl '^ '"'"'''■ 
ooiliei ;   that  '!■.  Ill  lay,  he  inquires  uvbal  arc  itie  luminciu>  layx 
which  m  given  coloaitzd  body   is   iirally  capable  of  cvliuCling 
or  Iranrmiuiii};. 

Hi4  niiiilKKl  ol'  Riikinf;  hi«  CKpcrimvnli  n  Gmplr'.     If  tbe  Method  of 
{iibSuice  be  npakc,  he  pbcct   il  an   a    piece  ol  biack  cloili,  "'"""E  <"' 
and  oblt:i:vi:«  \i  wiiIl  the  prifin,     II  it  utnnol  be  cut  fu  as  to 
Mducc  It  lu  a  redanKular  figure,  he  covers  it  wiib  a  piece  ol 
blackened  palUboard,  in  wbidi  ihue  is  a  rea»i)guiar  »per- 
lure.      Uiitkr  tliele  circumllancei  (he    cnJguriKl  tringei  dif- 
ptayert  on  two  oppolitu  liilei  indicate  ihe  kind  of  ray>  reiled- 
•d,   and  oonrctfuenily  ihole    abl'orbcd   wben   we   know   iha 
•Mturwof  the  illumiiiaiintc  pencil.     On  which  we  have  latlhef 
^  to  r<ittack,  ihai,  ai  ihc  Innxcs  are  Ihcmlelven  compound  untr* 
tbe  Ample  UrUs   lliut  coinpult:  ihem  muft   be  (lilcriminaied. 
Then  inlfK^mn  fuUiccs  un  oiiperiiinccd  pcifon   foi  Ibinj   but  CompuuDd  lioM 
Mwbabitu  lobe  aiquic«I,  and   ,U  place  lupplictl.   bj  taking  J;;^''""™- 
feragiiide  puper»  «;pfeleiiliiig  cacb  Ipecict  of  fay!,  placing  Haw. 
.litem  in  Ibeir  ocdcr  one  upon  <nutlicr,  and  drawing  them  back 
in  gradation  cuuloinubly  lo  ihetr  diireience  uf  rairangibiltiy  ; 
or  we  may  nfc  a  t^ble  confliuded  atici  Newton'^  meibud  loi 
^lermininglhc  compound  tiutiol  IcvijbI  viemcniary  colour*. 

If  tbe  body  to  be  examined  be  iianlpaioni,  the  apciiurc  in  MniMdof 
be  pafleboardjull  mentioned  Miill  l>e  WElladapi^  lo  covflr  it  f*'"','"/^'"** 
■when  placed  agaiiiD  Ilie  hght,  fo  ibat  (be  pnlm  may  exhibit 
Jiinget  on  il.  Or.  if  Uie  ubicrver  pluce  hinilell  m  ilic  datki  a 
]i){hl,  at  that  of  a  tandk-,  will  exhibit  ilirou^h  itic  iranfpari'ni 
fubOance,  by  ihuaffiiiance  of  tiio  prilm,  a  feries  ot'  coloured 
ioiage)  corref|<onding  lo  the  rays  tianfmitied. 

Making  hinexpcriment^  imhii  manner,  out  author  difcover- CoUiun  of 
^  that  revcral  ojiake  fubHancei  wiiicii  happeueJ  lo  be  ai  °^||°  ^|^_ 

hand,  (srptige. 
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htnd,  of  various  natures  and  of  all  colours,  whether  jdlow^^ 
orange,  red,  or  green,  blue  and  violet^  owed  ihetr  coloured  > 
appearance  to  the  fbltowing  laws:    1(1,  each  of  the  bodies 
always  abforbed  tlie  rays  that  were  complementary  to  the  pre- 
dominant colour  t  2d{y,  in  fome  the  abforption  included,  be* 
fide   the  coropleaientary    fpt'cics,    others  collateral   to    this- 
fpecie^,   and  more  or  lefis  numerouis:    3dly,   the  deeper  a 
colour  is»  the  fewer  fpeiies  of  rays  it  refleds. 
Relates  to  che*      It  is  to  be  underdood  that  mixed  colours  are  not  here  fpokca. 

"o*^ds"not  me- °^'  ^"^  ^"'^  ^^^'^'^  ^'^**  ^^'^  *  bomogencal  conpoujid,  or  a 
chanical  mix-  true  Combination,  in  the  fenie  in  which  cbemifts  ufe  ibia  word.^ 
Nor  muft  the  colour  reflected  from  the  interior  of  the  molecule^ 
fufceptible  ot'  light  or  deep  tints,  be  confounded  with  the 
light  rcfledled  from  the  anterior  furface  of  bodies :  and  though 
this  mixes  more  or  lefs  with  the  proper  colour.  It  is  eafy  to 
diminifli  its  eflfe£ts,  and  difcriminate  them  in  ihe  experimsnts. 
Another  remark  proper  to  be  made,  is,  that  the  expreflvm 
predominant  colour  muft  not  be  fuppofed  to  imply,  thai  Ihe 
rays  of  this  colour  aie  more  abundant  than  the  reft,  which 
would  be  a  mi(!ake«  Several  fpecies  of  rays  may  cvift.  to« 
gcther  in  the  pencil  producing  the  colour,  without  any  one 
fpecies  being  i'or  this  rcnfon  more  abundant.  Stridly  fpeak* 
ing,  all  the  elements  of  the  pencil  are  diffimilar ;  and  con^ 
fequently  no  one  cxifls  in  it  in  greater  quantity,  fiut  the 
general  tone  of  colour  remains  analogous  to  that  of  the  rays 
ilyled  predominant ;  for  which  reafon  it  is  well  to  retain  the 
term,  provided  it  be  not  taken  in  an  exaggerated  fenfe. 

The  author  has  likewife  obferved  tranfparent  bodiea.  fuch 
as  coloured  glais  of  different  torts,  and  liquors  contained  in  a 
bottle  with  two  broad  parallel  (ides.  For  thefe  he  found  the 
fame  law  of  abfurption  as  for  opakc  bodies,  but  (iill  more 
marked,  and  free  from  all  doubt. 

This  law  is  conftant  and  regular.  It  depends  on  the  nature 
of  the  body  receiving  the  light,  its  denfity,  and  its  thicknefs« 
It  is  likewife  modified  by  the  intenfity  of  the  light  of  the  il^ 
laminating  body,  and  the  kind  of  rays  that  compofe  this 
light. 

The  abforption  always  commences  with  the  rays  mt>ft 
oppofite  to  the  predominant  colour  of  the  body  illumined.  U 
goes  on  to  thofe  which  come  ntxl  in  the  Ipectrum ;  and  thus 
proceeds  regularly  from  one  order  of  rays  to  the  next  in  fuiv 
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oeffion,  never  by  fits,  till  it  reaches  the  )a(l.  In  confeqaence 
Uie  body  grows  darker  and  darker^  and  always  finiflies  with 
becoming  black.  Sometimes  it  extends  only  on  one  itde  from 
the  rays  firfl  abforbed ;  at  other  tiroes  on  both  (ides  at  oncey 
and  either  with  equal  pee,  or  more  rapidly  on  one  fide  than 
on  the  other. 

l£  we  vary  each  particular  that  affedls  the  eiperiment  fepa*  Change  of  crr« 
rately,  we  (hall  have  a  diftind  progreflion  off  refuJls.  That  c"'"*^""*  r»- 
depending  on  the  den(jty  of  the  fubftance  'i%  not  always  (imilar 
to  that  an(ing  from  change  of  thick nefs.  In  receiving  light 
of  different  kinds  too  on  the  fame  fitbiiance,  the  progrefs  of 
abforptioQ  is  differently  modified,  and  confequently  the  coloari 
changed. 

■  Our  author  adduces  m(lances  of  all  ihefe  cafes.  He  takes 
them  from  the  numerous  experiments  he  has  made  with 
coloured  gkfs,  acidy  or  alcaline  folutions  of  metals,  and  fluids 
tinged  by  the  infufion  or  decodion  of  vegetable  fubftances. 
Tbefe  exhibit  curious  particularities,  but  we  (hail  not  here 
relate  them,  both  for  the  fake  of  brevity,  and  becaufe  it  is 
eafy  for  any  perfon  to  obferve  themj  when  once  the  track  is 
pointed  oat. 

From  all  thefe  obfervations  taken  together,  many  very  im-  May  lead  to  tho 
poctant  confequences  refpecting  the  reciprocal  a6lion  of  bodies  mMent/1'ra 
and  light  on  each  other  are  drawn;   and  perhaps  at  fome 
future  period  they  will  tend  to  elucidate  the  grand  queftion 
concerning  the  caufe  to  which  their  permanent  colours  are  to 
be  afcribed. 

After  thefe  hints,  the  author  dedicates  a  concluding  para<-  Colour  of  bodies 
graph  to  the  examination  of  feveral  phenomena  of  different  degr«5*^^"|„, 
Jcinds.    -He  points  out  the  modifioat-ions  that  coals  heated  to  candefcence. 
different  degrees  of  incandefcence  undergo  in  their  colours. 
His  remarks  apply  to  other  fubdances  Hkewife,  as  iron  in  the  Lamps  fisen 
iiate  of  ignition,  a  long  row  of  lamps  with  reverberators  feen  5^*]^"*   "h 
through  a  fog,  or  a  white  light  feen  through  a  gkfs  blackened  fmoalced  giafs« 
by  progreflive  applications  of  fmoke.    In  all  thefe  cafes  the 
colours  neceflfarily  pafs  through  a  feries  of  tints  from  white  to 
yellow,  orange,  and  red  of  a  deeper  and  deeper  (liade,  the 
reafon  of  which  he  gives. 

Metallic  oxides  too  have  a  gradation  of  tints,  according  tq  Coloiirs  of  ne« 
4bc«ir  proportion  of  oxigen,     A  certain  ooniioued  change  in  JjUj^rtSoaJi  ta 
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vegetmiion  produces  (he  fame  eflfed  on  fome  parts  of  phntfa 
The  arts  and  cliemical  procefles  exhibit  the  (aoae  io  a  moltto 
tttdo  of  circMnnances. 

Henoe  the  manafadurer  raay  derive  with  advantage  indica^ 
iioM  either  of  the  progrefs  of  combtaations,  or  of  the  premier 
inflant  for  eueculing  certain  parts  of  hi«  operations. 

Our  author  next  enlers  more  particubirly  into  the  appear* 
•nee  of  coloured  clouds,  particularly  thofe  we  te  aboat  the 
rifing  and  fetting  of  the  fun*  This  phenomenon  (6  generallj 
known*  had  hitherto  remained  without  exptanation*  tbough 
this  had  been  attempted  by  natural  philoibphers  of  the  iiri 
rank. 

It  is  not  owing  to  (ho  refradion  of  the  fofar  lajt.  bat  to  the 
fttece(Gve  abforption  of  them«  when  they  ftrike  cm  the  inferior 
parts  of  tlie  atmofphcre,  which  are  more  loaded  with-  vapour. 

This  abforption  follows  laws  analogous  to  (hofe  ahready  aiea* 
tinned.  The  quanliiy  of  vapours,  and  even  their  nature  not 
being  the  fame  every  day,  produce  correfpooding  difiefeacet 
in  their  effe^. 

Commonly  the  firft  rays  attacked  by  thefe  vapours  are  the 
blue  adjacent  (o  the  viole(.  Soon  after  they  attack  the  gob» 
(iguous  rays,  gaining  with  more  rapidity  the  blue  properly  fo 
called;  (hen  the  green,  the  yellow,  and  thus  proceeding  to 
(he  red.  Hence  (he  yellowifh,  orange,  and  red  colours 
exhibited  by  the  clouds.  This  period  of  tints*  the  evening 
fur  example,  difplays  itfelf  gradually  as  the  fun  approaches 
the  horizon.  The  lame  hues  tinge  terrefirial  objeds,  tbe  part 
of  the  air  neared  the  fun,  and  this  luminary  itfelf.  According- 
ly when'we  can  receive  its  rays  on  a  prifm,  we  perceive  that 
the  irays  adually  abforbed  correfpond  to  (he  general  tint  of 
tlie  moment. 

From  the  fuccefiive  increafe  of  (he  vapours  traverfed  by 
the  light  in  thicknefs  and  denfity,  it  follows  likewife,  that  at 
the  fame  inflant  clouds  differently  placed  mufl  be  clothed  in 
different  hues.  The  highed  may  be  white,  while  others  not 
fo  high  are  yellow,  and  o(hers  dill  lower  proportionately  more 
red.  At  equal  elevations  thofe  furthell  from  the  point  where 
the  fun  fats  will  incline  to  red,  and  thofe  neareft  it  (o  yeliow. 

We  may  (hen  fee  blue  or  green  (hadows  on  tx>dies  na(urally 
whi(e,  as  BufToo  and  other  philofophers  have  obferved,  Thefe^ 
as  has  been  faid,  are  nothing  more  than  the  effed  of  contraft 
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ketween  the  adual  coloor  of  the  part  enlightened,  and  that 
of  the  part  in  (hade. 

Contrafis  may  likewife  render  the  coloor  of  the  clouds  cckh*  Contraftt  affcft 
plicated,  an  for  inflance,  when  a  great  portion  of  the  iky  dif-^„^^ 
plays  it*  blue  lint.     There  are  lome  clouds,   the  colour  of 
which  ariles  folely  from  (bis  caufe ;  and  iucb  may  be  feen  at 
timet  in  the  middle  of  the  day,  when  we  have  a  lofly  moon-  / 

lain  at  our  back,  or  are  in  any  other  iituation  where  the  eye 
is  defended  from  the  too  powerful  aAion  of  the  folar  light, 
either  direct  or  refieded;  but  in  this  cafe  the  clouds  bavo 
only  a  yellow ifh  tinge,  precifely  the  complementary  colour 
of  Iky  blue. 

•    Someitmes  we  fee  the  moon  of  a  fimiUr  colour,    when  The  Mooa. 
it  is  very  high,  a  little  before  or  after  the  fun  pafles  the 
the  horizon:   fiirther  it  appears  thus,    or  even  completely 
while,  whet)  clouds  varioufly  coloured  by  the  vapors  of  fun- 
fet  or  fun-rile  exiil  in  the  a»r  at  the  fame  time.     From  thia 
conrttrreiice  of  circomdancet  we  have  a  new  proof  of  the 
dilierence  of  caufes  to  which  tliefe  colours  are  owing. 
i    Lakly  let  us  remark,  that  from  the  irregularity  of  the  earth's 
fujlBce,  and  of  the  Hate  of  the  atmofpbere,  the  phenomena 
are  liable  to  be  concealed  or  fubjedted  to  various  Interruptions. 
In  oor  chmate  the  colouring  of  the  clouds  feldom  reaches  its 
l»(i  tiage.     On  fome  evenings  however,  when  the  Iky  is  very  Red  clouds 
clear  toward  the  part  where  the  Sun  fets,  while  light  dduds  ^^"  head  < 
float  very  high  over  our  hedds,  we  (hall  fee  tliefe  at  a  fub* 
fecjuent  period  appearing  of  a  very  light  red,  heightened  by 
thedimimiticm  ol  lighten  the  earth,  foon  after  obfcured,  and 
tot  length  becoming  extinct  rn  (hade. 

Conclujion, 

Notwithdanding  the  many  beautiful  difcoveries  already  The  theory  of 
made  refpedling  light,  the  theory  of  the  prodoQion  of  colours ^^""  *"'*^* 
has  not  yet  attained  a  degree  of  generalization  that  renders 
it  applicable  to  all  cafes,  or  that  (implicity  of  principles  to 
which  we  are  almofl  always  led  when  we  have  difcovered  the 
real  laws  of  nature.  Many  phenotneYia  have  eluded  ex- 
planation, and  that  given  of'feveral  requires  corrc6lion.  Our 
author  has  propofed  to  edablifli  alterations  hi  the  theory,  the 
siecefiity  of  which  he  points  out.  He  fupports  bis  principles 
partly  by  tha  dodrme  and  fadf  generally  admillmf;  tMtrlljr 
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by  Others  lefs  commonly  kno^n^  iliou^li  nf  ancient  date;  sn# 
hiWy  by  obfervations  of  hi*  own.  He  is  fiir  from  flatterin|P 
himfelf,  however,  that  a  (ketch  like  the  prefent  exhibiti  the 
matter  hi  a  faitable  light;  and  was  (bon  aware  that  a  fubjed 
(b  extcnfive  and  fo  complicated  required  maturer  iaboors. 
The  author  in-  To  fiH  Up  many  gap%  unfold  various  points^  and  corred 
iMt^  ^  •"^  extend  otherii  by  farther  re (earchcji,  new  espefimentv, 
and  profoand  reflexions  ii(  an  ample  field  of  improvement  9 
and  this  he  will  aUeropt,  if  bis  powers  and  his  leifure  wiU 
permit. 

It  would  likewife  be  ufeful,  as  well  as  juft,  to  give  at  the 
lame  time  an  abfliaft  of  what  we  owe  to  the  genius  of  the 
great  Newton,  who  opened  the  career  in  fuch  an  admirable 
ivanner^  and  to  (hofe  philofophers  who  have  difcovered  new 
MH,  or  removed  difficulties^  Greater  precifion  alfo  AkhiM 
be  introduced  into  the  language  which  we  empkiy  refpeding 
colours,  proportionate  to  the  increafe  of  our  knowledge^  and 
the  a6iual  flate  of  the  arts  and  fciences.  LaQly.  in  a  fubjed 
like  the  prefent,  it  would  not  be  too  much  to  add  the  refinurces 
off'  algebra  and  geometry  to  the  treafures  of  experiment^,  and 
if  poflible  to  the  advantages  of  a  better  method. 


X. 

Feport  made  by  the  Phjfficd  and  Mathematical  Claft  <qf  the  7«/tf- 
tute  in  Ajifker  to  the  'Huejlion,  wlicthcr  tho/e  Mninifadories^ 
from  U'hich  a  difugreeable  Smell  arifcs,  may  prove  injur iotu  to 
Ht'ulth,     Read  ill  the  Sitting  of  Jawiary,   iSQj,  by  Mcjprs^ 

GUYTON-MORVEAU  and  CuAPTAL.* 

J-  HE  minifter  of  the  home-deparlm^nt  has  confultcd  the 
clafs  on  a  quedion,  the  folution  of  which  is  of  eHTential  import 
to  our  manufadlurcrs. 

Qgcaioji.  The  object  is  to  determine,  whether  the  vicinity  of  certain 

SQanufaclories  can  be  injurious  to  health. 

Its  importance.  The  folution  of  this  problem  mufl  appear  of  tlie  more  con- 
fequence,  as,  from  the  confidence  which  the  dccifion'?  of  the 
Inhitute  naturally  merit|  it  may  hereafter  furm  the  bafis  of 

♦  Tranflatcd  from  the  AnnaUs  de  Cbtmify  voK  LIV.  p,  8G,  for 
April,  180S. 

decifioiu 


da(^ifions  in  a  court  of  judice,  when  fentence  U  to  be  pro- 
nounced between  the  hit  of  a  maDufadory  and  the  heallb  o( 
our  fe)low^itiz«n8. 

The  folution  h  (o  much  the  more  important,  it  is  become  fo 
much  the  more  neceHary,  as  the  fate  of  the  nvoft  ufeiul  eAa* 
bii(hmenLs>  I  will  fay  more,  the  exlftenpe  of  many  arts,  has 
depended  hitherto  on  firople  regulations  of  police;  and  that 
fiome,- driven  to  a  diftance  from  materials^  from  workmen^  or 
from  confumers,  by  prejudice,  ignorance,  or  jealoufy,  conti* 
nue  to  maintain  a  difadvantageous  Oruggle  againtl  innumerable. 
eAiAades,  by  which  their  growth  is  opposed. 

Thu«  we  have  fcen  manufactories  of  acids,  of  fal  ammoniac,  Mtnufaaories 
of  Pruffiao  blue,  of  beer,  and  of  leather,  fucceflively  baniih^.^^j^^^^ 
ed  from  cilies;  and  we  daily  fee  appeals  to  authority  againft 
thefeeftabliChmentft  made  by  troublefome  neighbours  or  jeaioua 
rivals. 

.  As  long  as  the  fate  of  thefe  manufadoriet  is  infecure,  as  long  Dtfadvantage  of 
as  nn arbitrary  legiflalion  poiKsITes  aright  to  interrupt,. fufpend>  having  na fixed 
or  fetter  tlie  hands  of  a  manufacture;  in  a  word,  as  long  as  a 
fimple  magiftrate  of  police  has  at  his  nod  the  fortune  or  ruin  of 
a  manufacturer,  how  can  we  conceive,  that  he  will  be  fo  im« 
prudent  as  to  engage  in  undertakings  of-  fuch  a  nature?  How 
could  It  be  expelled,  that  manufaduring  induflry  (hould  ena*- 
bli(h  itfelf  on  fuch  a  frail  ba(isr  This  (late  of  uncertainty^  this 
continual  conteft  between  the  manufadurer  and  his  neighbours, 
ihti  perpetual  doubt  refpeding  the  fate  of  an  efl^blifliment, 
paralyfe  and  confine  the  efforts  of  the  manufadlurer,  and  gra^ 
dually  extinguish  both  his  courage  and  bis  powers. 

It  IS  an  object  of  primary  neceflity  therefore  to  the  prof* 
perity  of  the  arts,  that  lines  thould  be  drawn,  fo  as  no  longer 
io  leave  any  thing  at  the  arbitrary  will  of  the  magiftrate;  to 
point  out  to  the  manufaclurer  the  circle  in  which  he  may  exert 
bis  indudry  with  freedom  and  fecurity,  and  toalTure  the  neighs 
bouring  proprietor,  that  he  has  nothing  to  fear  for  his  health^ 
or  for  the  produce  of  his  fields. 

To  arrive  at  the  folution  of  this  important  problem,  it  ap- 
peared to  us  indifpenfable,  that  we  {hould  take  a  view  of  each 
of  the  arts  againft  which  the  moft  clamour  has  been  raifed. 

With  this  view  we  Aiall  divide  them  into  two  claflTcs.     The  ClaiTificadon 
firft  will  comprife  all  tliofe,  the  prowrnTcs  of  which  allow  aeri-  ^^«^«»bte 
|brm  emanaii.oni  to  efcape  from  them  into  tbeatmoijpherej  eitber 
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in  confequence  of  pu(refa6lion  or  fermentation,  which  mar  bt 

deemed  naifances  from  their  fmell^  or  dangeroas  from  their 

tfFecls. 

Tbc  fecond  clafu  will  include  all  thofe,  in  which  the  artift, 

operating  by  the  aid  of  fire,  deifdopen  and  eriflvex  in  air  or 

vapour  various  principles,  which  are  more  or  )cfs  difafrreeable 

to  rc'fpire,  and  reputed  more  or  lefs  injurious  to  health,    i 
ift  clafs.  In  the  Br  ft  cltffs  we  may  advert  to  the  fteeping  of  flax  and 

hemp,  the  making  of  catgut,  flaughter-houlei,  ftarch-man»> 

factories  tanneries,  breweries,  8£c. 
ad  cUfs.  In  the  fucond,  the  diflillauon  of  acids,  oF  fpirits^  and  af 

animal  fubOances;  gilding  on  metais,  preparaiions  of  fead, 

cop|>er,  and  mercury,  ^c. 

ift  clafs  injuri.       "^^^  ^^'^  ^^  ^^^  ^^^^  clafs,  confidercd  m  relation  to  the  health 
•us  to  health,     of  the  public,  merit  particular  attenlion,  becaufe  the  emana- 
tions that  proceed  from  fermentation  or  putrefaAion  are  roalif 
injurious  to  health  in  fome  cafes,  and  under  certain  ctrean- 
Steeping  hemp,  fiances :  the  deeping  of  flax  and  hemp  for  inOance,  which  ii 
performe<l  in  ponds  or  ft  ill  waters,  infcfis  the  air  and  kilb 
iifhes ;  and  tl^e  difeafcs  to  which  it  gives  rife  are  all  knamn 
and  dufcribed:    Accordingly  wife  regulations  have    alinoft 
every  where  enjoined,    that  this  operation  (hoold   be  car- 
ried  on  without  the  precindts  of  towns,  at  a  certain  diftaiioe 
from  every  dwelling,  and  in  water $9  the  fifli  of  which  eonfti* 
tute  no  rcfource  tor  the  public.     Thefe  regulations  unqueftion^ 
ably  ought  to  be  continued ;  but  as  the  execution  of  Ihem  ii 
attended  with  iorae  inconvenience,  it  is  to  be  wiftied,  that 
torale^s  method    the  procefs  of  Mr.  Brale,  the  fupcriority  of  which  has  been 
lecomxnendcd.     confirmed  by  Meflrs.  Mongez,  Bcrthollet,  Teffier,  and  Afdardi 

fliould  foon  become  known  and  adopted, 
Be?r  TcgetaWc       Other  oj>eralions  on  vegetables,  or  certain  produ6ls  of  ve^ 
roiours,  ftarcb,  gctation,  to  obtain  fermented  liquors,  as  in  breweries;  toextraA 
paper,  &c.         colours,  as  in  the  manufa^ures  of  litmus,  archil,  and  indigo; 
or  to  direft  them  of  fome  of  their  principles,  as  in  roanufac^ 
tories  of  ftarch,  paper,  &c.  do  not  appear  to  as  of  fucha  na« 
ture  as  to  be  capable  of  exciting  any  difquietode  in  the  mind 
of  the  magiftrate.     At  all  events  the  emanations  ariling  from 
thefe  fubftances  in  a  ftale  of  fermentation  can  prove  dangerous 
only  near  the  veifels  and  apparatus  in  which  they  are  coo- 
fined,  cealing  to  be  fo  the  moment  they  are  mingled  with  the 
Open  air;  fo  thai  a  Uttle  frpdence  only  is  required^  ta  Bvoidalt 

danger 


ilUKBr  from  Ihem.  Bcfldes  ilic  danfjcr  siTeAi  only  the  Ria4 
nuludurers  thumivlvei,  and  by  no  means  Ihe  inliabitanis  ot'llie 
nrighhnuflriK  liou!i.'i,  To  thai  b  r<?^u!3li()n  enjoining  [faefe  ia3f 
nutad'uies  lobe  t^nwvpd  oiit  of  (own^  and  loa  diflance  from 
any  dweUiflg-lionfr,  woakl  l»e  an  ad  of  sutliMily  both  unjuft, 
voMliout,  an>l  injuriiiua  lo  ihc  girngti.rs  nf  maniila^ri^s,  and 
in  no  reff»ecl  a  remedj  for  ihe  evils  amending  the  operalion. 

Some  preparation!  extraAed  from  animal  fubHancei  require  Cngat, 
the  putrefaSton  of  tlierc  fabfiaiices,  as  in  the  t'sbrlcation  of 
calguij  but  it  is  more  frequi-nily  Ihe  eaia,  that  animal  fub- 
flancvi  employed  in  inanufaflurec  ore  liable  to  pulrcfaftion  rrnm 
beiog  kept  loo  long,  or  «xpofed  (o  loo  f^eai  wannlfa,  as  wn 
particularly  find  in  dyeing  colloii  itui,  a  proccf*  in  which  a  DjflnscottM 
lar^e  quanlity  of  blood  is  employed.     The  miafmala  exhaled  "  * 
by  thvie  putrid  matters  fprcail  far  round,  and  form  s  very  dlf- 
affreeable  Btmorphere  for  all  the  nci^hboiiHiood  to  breathe;  it 
U  the  part  ul' a  good  (^nveriirDcnl,  therefore,  to  caufe  tfaefs 
fubftanco  to  be  renewed  In  ax  to  prevent  putteraclion,  and 
the  manulaciory  la  be  kept  lii  far  clean,  thai  no  refiije  of  the 
animal  (ublimH^e^  employe:!  Ihali  be  left  to  rot  in  them. 

Jn  thi«  lafl  point  ot  view  tlau^hler-lioulei  exliibU  fome  in-  Shughtct* 
coavenienciea  i  but  they  are  nulof  tullicicnl  importance  lo  re-  ''<"'^''*- 
quire  Iheni  lo  be  plated  without  the  precinA«  of  towns,  and 
■nMoUed  together  in  one  fpol,  w^  IpeculiUive  men  are  daily 
propoling  lo  government,  A  lillle  attcnlion  on  ihr  part  of 
<lie  tuagiArale,  lo  prevent  butchers  frum  throwing oni  ihebloOil 
aui  refufe  uf  the  bt:alls  they  Lill.  would  be  fulficient  to  remedy 
cumplctely  every  thing  difguJling  or  unhcallliy  ariling  IrOiB 
ilant;fal«r-hoHr(». 

The  labricaliun  oTpriiiiJ.'rfK  (nighUfuil  dried)  begin*  to  lie  PauilrEtte, 
«Oablilhed  ill  all  the  lar);e towns  of  I'rRncc,  and  the  operalioD 
bji  wliich  cxcr«menlilK>u(  fubHance^  are  reduced  lo  this  Aatei 
nsoeflarily  otcafiont  a  very  dir«f;r«e^li'  Imeil  for  a  long  (imfi, 
Edablilbinenli  of  lliis  LiiHl  llitrclnre  ought  to  be  cotiAaed  to 
Biry  place),  rentole  Irom  any  hubilatiou ;  not  that  wc  conlider 
Ibeaetilotm  (^Khaiatiom  frum  tliem  a<  injuriooi  to  bealtbj  bat 
ROone  can  deny,  that  they  arc  iiicuminoJing,  noiibine,  dit> 

.  agreeable,  and  ililTiitilt  lo  bruaihe,  wn  all  which  accounia Ihay 
OuglM  la  be  removed  Ju«  dilltmcetram  the  dwdlingi  of  men. 

Thara  ii  a  v<-ry  important  obfervaltoti  to  be  made  ou  the  Anlmil  putrc. 

'  fooniuieout  dccompoljiioH  of  animal  lubftancGt.  which  it,  f'^^'°"  '^'ngir- 


INJURIOUS    MANUFACTORieS* 

that  (lie  emanations  from  them  appear  to  be  To  macll  the  Itfft 
dangerous  as  the  fubflances  which  undergo  putrefaOion  are  led 
humid:  in  the  latter  caie,  aconfiderable  quantity  of  carbonate 
of  ammonia  i^  evolved,  which  imparts  its  predorainant  charar* 
ler  to  the  other  matters  volatilifed,  and  corredls  the  bad  effeiAs 
of  fiich  as  are  deleterious.  Thus  the  decompofition  of  fter- 
coraceoas  matters  in  the  open  air,  and  in  places  the  fituatloo 
and  declivity  of  which  allow  the  fluids  to  drain  oiF/  and  that 
of  the  refute  of  the  cocoons  of  the  lilk-worm  evolve  a  vaft 
quantity  of  carbonate  of  ammonia,  which  corrects  (he  vmis 
of  fome  other  emanations;  while  the  very  fame  fubfiances, 
decompofed  in  water  or  drenched  with  (his  fluid,  exhale  Tweet* 
i(h  and  naufeoos  miafmata,  the  refpiratiun  of  which'  is  very 
dangerous. 

itf  daft*  '    ^^^  numerous  arts  in  which  the  manufadlurer  produces  and 

ditfufes  in  the  air,  in  confequence  off  his  proceflles  and  by'lhe 
help  of  lire,  vapours  more  or  let's  difagreeable  to  breathe,  con* 
ilitute  (he  fecond  clafs  ot'  (hole  we  have  (o  examine. 

Tliefe,  more  intercfting  than  the  former,  and  much  more 
intimately  connedled  with  the  profperity  of  our  natiohaf  in- 
duftry,  are  ftill  oftener  the  fubje6t  of  complaints  'brought  be- 
fore the  magiftrate  for  decifion,  and  on  this  account  have  ap- 
peared to  us  (o  require  more  particular  attention. 

We  will  begin  our  examination  with  the  mannfa6lure  of 
acids. 

^^tj^^  The  acids  that  may  excite  complaints  of  the  neighboors 

againd  their  preparation  are  the  fulphuric,  nitric,  muriatic  and 

acetous. 

^  ,  ,    .      . ,         Tiie  fulphuric  acid  is  obtained  by  the  combuftion  of  a  mix. 
Saiph-jric  acid.  '  .         ^       . 

ture  of  fulpluir  and  nitre.  It  is  very  difficult  in  this  procefs  (o 
prevent  a  more  or  lefs  obfervable  fmell  of  fulphorous  acid 
from  being  diflufed  around  the  apparatus,  in  which  the  com- 
buflion  is  performed;  but  in  manufa^ories  Ikilfully  conduced 
this  fmell  is  fcarcely  perceptible  within  the  building  i((elf,  is 
not  dangerous  to  the  workmen  who  refpire  it  daily,  and  can 
give  no  rcafonable  foundation  for  complaint  to  (he  neighboors. 
WhjL*n  the  art  of  making  fulphuric  acid  was  introduced'  into 
France,  the  public  opinion  was  (irongly  cxprelTed  agatnft  thft^ 
6f(l  eAablifhroents  for  the  purpofe;  the  fmell  .of  (be  match 
with  which  we  kindle  our  fires  contributed  not-  a  little  to  ex* 
•ggerale  the  eSt€t  tliat  rouft  be  produced  by  the  rapid  cop- 

2  buaim 
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iiuftlon  of  feveral  hundred  weight  of  brimAone^  but  men's 
{ears  on  this  head  are  now  fo  much  aHayed»  that  we  fee  fe- 
veral of  thefe  manufadories  profper  in  peace  in  the  nlidfi  of 
our  cities,  , 

.    The  diftillation  of  aqua  forlisand  fpirii  of  iah,  in  other  Aqua  for^  m 
inrords,  of  the  nitric  and  mariatic  acid«,  are  not- more,  danger- ^^'*^ '^^  ^^'^ 
4)us  than  that  of  falphuric  acid«     The  whole  of  the  procefs  is 
performed  in  an  apparatus  of  glafi  or  earthen-ware^  and  it  is 
tinqueftiooably  the  great  intereft  of  the  manufudarer  to  dimi- 
fiifti  tJie  volatilization  or  lofs  of  the  acid  as  much  as  poffibie. 
Yet»  J«t  him  pay  whatever  attention  he  will  lo  this,  tlie  air  • 
Jbreatbed  in  the  mamifiidory  is  always  tmpregnaled  with  the 
.fmell  peculiar  to  each  of  thefe  adds;  but  you  may  refpire  there 
ireely  and  fafely,  the  men  who  work  in  it  daily  are  not*  at  M 
incommoded  by  it,,  and  the  neigbboars  would  be  very  much  ia 
4be.wnoog  to  complain. 

Since  the  roaniifaoiories  of  white  letd,  of  verdigri*,  andof  Vanegar. 
fugar  of  lead  liave  increafed  in  France,  the  demand  for  vine- 
gar hat  been  enlarged. 

When  this  acid  isdiAilled,  to  fit  it  for  foroe  of  thepurpofea  Diftilkd  viae^ 
for  whicbit  is  ufed^  it  dififuferto  a  di^noe*a  very  ftrongfmell  K^* 
of  vinegar,  in  which  there  is  no  danger;  but  when  a  folution 
of  lead  in  this  acid  is  evaporatedi  the  vaponrs  aflame  a  fweet- 
iih<diaiai3er,and  produce  in  thofe  who  refpire  them  conftantly 
all  the  effeds  peculiar  to  the  emanations  of  lead  itfelf.  Hap. 
piljr  thele  efleds  are  confined  to  the  people  who  worlc-  in  the 
manufa^or*}',  and  are  unfelt  by  thofe  «i^  dwell  to  ihevks- 
•nity.  : .  .  . 

'.The  preparations  of  mercury  and  of  lead,  Ihofeof  copper,  Mlnerad  p^e* 

^antimony,  andarfenic,  and  the  procefles  of  gi Mirg  on. metals,  P^^^f'^"** 

•«re  none  of  them  without  foma  danger  to  the  parfons  who  rci- 

-iide  in- thofe  manufadories,  and  are  concerned  in'  the  "oper*- 

tions;  but  their-  eHedts  are  bounded  by  the  walls  within  wlHcb 

•they  are  carried  on,  and  are  dangerous  only  to  the  perfun^ 

conqeroed  -  in  -  the  mano^clorJes.     It  is  am  objedl  well*  woflhy 

tka^aatemion  of  cheoiifts,  to  mveiligate  the  means  of  prev^nv 

*  iog  thafo  ipjarious  efiefls,  and  indeed  many  of  the  inconveni- 

.  «ncies  havie  already  been  prevented  by  the  help  of  chimne}^, 

:  whiah  convey  the  vapours  into  the  air  out  of  the  reach  of  rei. 

.piratiooj  and  at  prefent  the  whole  attention  of  admuiiAratiSBii 
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Vraffitn  blae» 
■ndfiii  amino- 


ought  to  be  confined  to  direding  fcience  toward  the  meani  of 
improvement  of  which  thefe  procefles  are  fufoeptible  with 
gard  to  heahh. 

The  fabrication  of  Prufljan  blue^  and  the  extradion  of 
bonale  of  ammonia  by  the  diftillalion  of  animal  fubftances  in 
the  new  manufa^ories  of  fal  ammoniac,  produce  a  Ivge 
quaolily  of  fetid  vapours  or  exhalations.  Thefe  exbaklions, 
k  is  true,  are  not  injurious  to  health;  but  as  it  is  not  faficieat 
to  conftitute  a  good  neighbour,  not  to  be  a  dangerous  one 
merely,  but  not  even  to  be  a  difagreeable  one,  they  who  un- 
dertake fuch  manufadures,  when  they  have  to  feek  a  fituation 
for  them,  (hould  prefer  one  remote  from  any  dwellitg-honie. 
But  when  fuch  a  manufaSory  is  already  eftabliftied.  we  woiiid 
be  far  from  adviiing  the  magiftrate  to  order  its  removal:  k 
would  be  fufficient  in  fuch  cafes,  to  oblige  the  manufiidiirar  to 
build  very  high  chimneys,  that  the  di(agieeable  vapours  pn^ 
duced  in  thefe  operations  may  be  difUpated  in  the  air.  Tins  is 
particularly  pradicable  for  the  fabrication  of  Pruflian  blueiand 
by  adopting  it  one  of  our  number  has  continued  to  retaio  ifi 
the  midd  of  Paris  one  of  the  mod  iniportant  manafedpries  of 
this  kind  we  have,  againfl  whidi  Uie  neighbours  had  alreadj 
leagued. 

In  the  report  we  lay  before  the  clafs  we  have  thought  it  car 
doty  to  attend  only  to  the  principal  manufactories,  agaioft 
which  violent  clamours  have  been  raifed  at  divers  tinses  and 
places.  It  is  eafy  to  fee,  from  what  has  been  faid*  that  there 
are  bat  few  the  vicinity  of  which  is  injurious  to  health. 

Hence  we  cannot  too  ftrongly  exhort  tliofe  maglHrates.  who 

have  the  health  and  fafety  of  the  public  committed  tp  thdr 

charge,  to  difregard  the  unfounded  complaints,  which,  toe 

frequently  brought  againft  different  eftablifhments,  daily  threats 

en  the  profperity  of  the  honeft  manufadlurer,  check  the  pro- 

grcfs  of  induftry,  and  endanger  the  fate  of  art  itfelf. 

They  fliouW  not     The  magiftrate  ongtit  to  be  on  his  guard  againft  the  pro- 

liftcn  too  readily  ceedings  of  a  refllefs  or  jealous  neighbour;  he  (hould  carefully 

«»  comp  aiDts.    djQ^uJd)  ^^at  is  only  difagreeable  or  inconvenient  from  whal 

is  dangerous  or  injurious;  he  (huuld  recoiled  that  theafeef 

pit-coal  was  long  prefcribcd,  under  the  fiivolous  pretence  that 

it  was  injurious  to  health;  in  Qiort,  he  (hould  bf  fally  aware 

of  this  truth,  tliat,  by  liftenlng  to  complaints  of  this  natitfe, 

not  only  would  the  eRabli(hmenl  of  fcveral  ulcful  arts  in  France 


Jew  injuiiouf 
to  health. 


Caation  to 
aaagiftraKes* 


Ik  prevenled,  but  we  (Ihonld  infenfibly  drive  out  of  our  citieJ 

the  hirlets,  carpenters.  Joiners,  bralicrs,  coopers,  founders,  Difjgteeible 

weavers,  and  all  vthofe  occupation  i;  more  or  lefs  difagreeable  ^"f;"^;, 

to  iheir  neighbour;.      For  certainly  ibe   employments  juft  tune. 

named  are  mare  nnplearani  to  live  near  than  the  manufaftoricK 

mentioned  above,  and  the  only  advantage  they  enjoy  is  that  < 

of  ancient  praflice.     TIils  right  of  toleration  has  been  cfta- 

blifhed  by  lime  and  neceffily  j   let  us  not  doubt   therefore,  but 

our  inanula£iure4,  when  grown  older  and  betier  knuwn,  wHl 

peaceably  enjoy  this  fame  advantage  in  focjelyi   in  llle  mean 

tiqie  we  are  of  opinion,  that  the  clifs  ought  to  avail  itfelf  of 

this  circumflince,  to  put  them  in  a  particular  manner  under 

the  prolefliiiii  of  govcinmcnl,  and  declare  piibl id),  that  the 

manufaflures  of  acids,  fal  ammoniac,  Prul^an  blue,  fugar  of '^"J^f*?"^' 

(cad,  white  lead,  (larch,  beer,  and  leather,  b«  welt  as  (laugh-  UBijJh.'"'"  ' 

fer-houfe«,  are  not  injuriuu!i  to  the  health  of  the  vicinity,  when 

they  arc  prnpctly  condiifled. 

We  cannot  fay  as  much  for  the  (Iceping  of  hemp,  malting  In) uHom  mua* 
catgut,  layflalN,  and  in  general  eflablifiiment*  where  a  large '*"""*• 
<|uanli(y  of  animal  or  vegetable  matter  h  fubjefled  to  humid 
pulrefaaion.     Iti  all  thefc  cafes,  belide  the  difagrceable  fmell 
they  extiate,  miafmata,  more  or  lefs  deleterious,  are  evolved. 

We  muH  add,  that,  though  the  manufaflorics  of  tvhich  we  Mmurutuiei 
have  already  fpokcn,  and  which  we  have  confidcredas  not  '"-  —  '„"''' "f^  .,, 
jurioiw  lothe  health  of  the  neighbourhood,  ought  not  to  beiliiOioni. 
lemoveil,  yet  admini  Ural  ion  (Iiouldbc  requefled  to  watch  over 
them  (Irtflly,  and  confult  with  well-informed  perfons  far  pre- 
fcribing  lo  the  conduilnrs  (he  mod  proper  meafures  for  pre- 
ventinj;  their  fmckc  and  fmell  from  being  dilfufed  in  the  Vici- 
nit/.  This  end  may  be  attained  by  improving  the  procelTiis  ot 
Ihv  raanufaifture;,  raifing  the  outer  walh,  fo  that  ilie  vapours 
may  not  be  ditTufed  among  the  neighbours;  improving  the 
management  of  the  fires,  which  may  be  done  to  fuch  a  point, 
that  all  llie  fmoke  Ihall  be  burnt  in  the  lire-place,  or  depofited 
in  the  tunnels  of  long  chimneys;  and  mainiaining  the  ulmort 
cleanlinefs  in  the  manufaflories.  fo  that  nothing  Ihall  bo  left  lo 
putrify  in  (hem,  and  al!  the  refufe  capable  of  fermentation  be 
lufl  in  deep  wells,  and  prevented  from  any  way  tucomnioding 
(Jie  neighbiiurs. 

We  fliall  obferve  too,  that  when  new  manufa^oriei  of  J-'""  nuatfic- 
Pnidlan  blue,  fal  ammAniaCf  leather,  flarch,  or  any  other  ai-"""'* 

V«L.  Xn.— OcToDfiB.  K  tide 
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tlcle  by  which  vapours  very  inconvenient  to  the  neigbboort^ 

or  danger  of  fire  or  exploflons  are  to  be  eflablifiiedj  it  woald 

be  wife,  jud,  and  prudent,  to  lay  down  as  a  principle,  that 

they  are  not  to  be  admitted  into  cities,  or  near  dwellings^ 

without  fpecial  authority;   and  that,   if  perfpns  oegled  to 

comply  with  thi^  indifpeofable  condition,  their  manufiKtorief 

may  be  ordered  to  be  removed  witliout  any  indemnification. 

Sammary.  I^  follows  from  our  report,  Ifty  that  catgut  iBanaiaAoriesy 

kyftallii,  fieeping  of  heropi  and  every  efiablifiifficiit  in  which 

animal  or  vegetable  matters  are  heaped  together  to  pntrify  in 

large  quantities,  are  injurious  to  health,  and  ought  to  be  re« 

inole  from  towns  and  every  dwelling  hoafe:  2dlj«  that  ma« 

nufaAories  where  difagreeable  fmells  are  oocafioned  tbroogli 

the  aftion  of  fire,  as  in  the  making  of  ncids,  Ptiiffian  blae, 

iuid  fal  ammoniac,  are  dangeroas  to  the  neighboars  oidy  froal 

want  of  due  precautions,  and  that  the  earn  of  govemmeDt 

(hould  extend  only  to  an  adtive  and  enlightened  Ibperitf eodt 

ance,  having  for  its  objcfb  (he  improvement  of  their  prooefles 

and  of  the  management  of  the  fire»  and  the  f  intmiance-of 

deanlinefs :  Sdly,  that  it  woald  be  worthy  m  good  and  wifa 

government,  to  make  regalations  prohibiting  the  fiitorv  afia- 

blifhment  of  any  manufafture^  the  vicinity  of  wfaicb  is  at* 

tended  with  any  elTential  inconvenience  or  danger,  in  towns 

or  near  dweliing-houfes,  without  fpegial  anihority  previobfly 

obtained.     In  this  clafs  may  be  comprifed  the  mamifiiAaries 

of  poudrette,  leather,  and  (larch ;  foundries,  melting  houfes 

for  tallow,  flaoghter  houfes,  rag  wareboufes,  maao&ctories 

of  Pruffian  blaOf  vamifli,  glue  and  fal  ammoniac,  potteries, 

&c. 

Such  are  the  conclufions  which  we  have  the  honour  to  lay 
befcM'e  th^  cUfs,*  and  addrefled  to  government^  with  invita- 
tion to  make  it  the  bafe  of  its  decifionf. 

^  Thefe  concUifions  were  adopted  hy  the.  Inftitute« 
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!(  relative  to  the  Torpid  Slate  ilf  the  l^orih  American  AUigatftr- 
Sy  Bknjamik  Smith  Barton,  M.  D.  ". 

lT  has  nol,  I  ihink,  been  remarked  by  the  gcnctality  of  tiie 
vrileraon  natural  hiftory,  Ihal  ihe  Nortli  American  Alligalor 
pkSea  during  the  prevalence  of  cold  ivealber,  ioto  Ihe  loipid 
Kale.  This  liowever,  is  unquellionabl]'  the  cafe  in  Tome  parts 
I  af  thcconlinenl. 

i  -Mr.  Boffu,  a  French  writer,  »fter  telling  ut  that  Ihefe  Aecount  hj 
Ithinialt  are  numerous  it.  the  Red  River,  one  of  the  weflern  ''*  '*°'^" 
niranchet  of  Ihe  Millinippi,  (uys,  "  they  are  torpid  during  Ihs 
[  ^d  weather,  and  lie  in  the  mud  with  iheir  mouihi  open,  into 
I  which  the  fifli  enter  as  into  a  Tunnel,  and  neither  advance 
L  aor  go  back.  The  Indians  then  get  upon  their  backs,  and 
Uill  Ihem  by  Ariking  their  heads  with  halcliels,  and  this  is  a 
Kind  of  dtvcrfion  for  them  f. 

I^.Dr.  Folter,  ttie  IranQator  of  the  work,  obferves  in  Ihe  pre> 
Feeding  palTage,  "  that  the  circumflance  of  the  alligator's 
'being  torpid  during  winter  it  quite  new,  and  very  remarkable 
'  Sot  natural  hiflory."  It  Teems  [he  adds)  dniofl  all  the  clafs  ot 
I  anlmalt  called  amphihia,  by  Dr.  Linnxus,  when  found  in  cold 
Rriiinateii  gnow  torpid  daring  winter. 

I*  Id  addition  to  the  authority  of  Mr.  BoITu,    I  amy  here  Another  k- 
fawntion  Ihe  following  fail,  which  was  commonitaled  to  nic  Grik»m'.      ' 
nVQut  the  yvn  1785,  by  a  Mr.Grabaia,  at  thai  time  avcry 
uileliigent  Audent  of  medicine  in  the  Uoivetlily   of  Peno^- 
BKlTania, 

r  .■ "  The  alllgalor  having  p  rev  iou  fly  fvral  lowed  a  nomber  ofh*  ^iiip'or 
[  ]Rne-kno(s,  retires  to  his  h"tile,  where  he  remains  in  a  torpid  fel^u  °*n^'iB^ 
I  Auv,  during  liie  feverity  of  winter.     If  killed  at  this  feafon,  '°  bcconmi 
I  iJiefe  knots  are  found  highly  poliihed  by  their  Irjiuralion  one  ""'   ' 

i^inft  tlie  oilier  in  the  animal'i  llomach,  as  I  have  lattrc 
I  then  once  heard  from  men  of  undoubted  veracity,  who  had 

I  •  From  "  ilir  PhnadEljihta  MediciJ  snd  Phylleal  Jonmtl-,  Col- 
t  kacd  and  arr^mged  by  Ben.  Sniitb  Bsrton,  M.  D.  It  is  pubhfhed 
i*  half  yeaily  Numbers,  the  lirft  of  which  appeared  in  November, 
]<04. 

f  Travels  ihrciigh  that  part  of  North  America  formerly  called 
twiiftin  EagliUk  Xianflwon,  Vol.  I.  p.  367,  Xoadon  1771. 
L '  K  S  beea 
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been  concerned  in  the  fad.  Indeed  thtft  it  fo  notorioin  Si 
thofe  parts  in  which  thefe  creiUurea  aboand,  that  the  digeflion 
of  the  alhgalor's  ftomach  it  proverbial  aroongft  the  multitude^ 
who  deride  its  infipidity  in-the  choice  of  (uch  food»  though,  E 
prefume,  this  it  does  inftindlively,  for  fomel  purpofe  unaccounted 
for  by  naturalifis;  and  wbicb*  perhaps  is  beyond  ibe  limits  of 
human  ken." 

The  fadl  related  by  Mr.  Graham,  relates  to  tb^  alligator  of 
the  CaroIir.as»  in  which  parts  of  the  Unitt;d  States  this  animal 
is  very  common*  By  another  gentleman  I  have  been  in- 
formed,  that  the  pine  knot^  which  the  alligators  fw$dlow.are 
generally  fuch  as  are  very  abundant  in  turpentine.  I  have  alfo 
been  aflfured,  by  my  Friend  Mr.  William  Bartram,  that  he  has 
feen  a  brick-bat  which  was  taken  out  of  the  iffomacb  of  an 
alligator,  and  that  it  wax  worn  quite  found. 
iMd  fitvatiaii  Mr.  Lawfon  (ays,  tliat  the'alligalor  is  not  feen  to  the  North 
rfdiU  aoixiiil,  ^  Nbrth-Carolina.  They  are  very  common  at  Capie-Fear  ia 
latitude  34.  One  twelve  feet  in  )ength  has  been  feen  at  this 
place.  On  the  Atlantic  fide. of  Ihc  United  States  I  am  not 
able  to  trace  them  farther  than'the  *'  Alligator  Di  final.  Syvainp," 
which  is  between  Edenton  and  Newbern  in  North-Carolina* 
The  mouth  of  the  Red  River  in  latitudf  31. 

Within  the  tradi  of  cuiintry  juft  mentioned,  .the  alligator 

obeying  the  impulfe  oT  the  climate,  palTes  into  the  torpid  Rate. 

In  North-Carolina    this  takes    place  about  the   middle   of 

November,   fooner  or  later,    according  to  the  Hale  of  the 

feafon.     Whether  the  animal  becomes  torpid  in  more  Southern 

parts  of  the  Continent,  I  have  not  been  able  to  Irarn.     On 

the  river  St.  John  in  £a(l  Florida,  they  have  been  (ecu  awake 

even  in  the  middle  of  winter,  but  it  was  remarked  lEat  they 

fieeroed  dull  and  Aupid.     It  has  alfo  been  obferved,  ttiat  thej 

are  accufiomed  to  frequent  the  warm  fprings  whicli  are  lb 

abundant  in  this  part  of  the  Continent :  and  that  they  are 
"      .11'  ■  ■  . ,  ■      '  .       * 

foiid  of  1}  ing  in   thefe  fprings.     Perhaps  the  heat  of   thefe 

'     fprings  may  be  fufRcient  to  prevent  ihein  from  becoming  torpid. 

But  it  mud  be  obferved,  that  a  deficiency  of  heat  is  not  the 

only  caufe  of  the  torpid  condition  of  -ap.itnals. 

CoDjedures         ^It  may  notperhayjs  be  an  eafy  talk  to  afEgn  a  fatisfa£lory 

1^^^^  caufe  for  the  fingular  inainaive  ai.pciite.  which  lea  !t  the 

luwaoi  the       alligator,  before  going  inlo  the  torpi.l  Hate,  to  fwaUow  pine*^ 

^^^  knots,  and  other  fonewhat  fimilai:  Jiubfiances.     But  1  ap- 

•  $  prebend 


^ehenil  that  ttiefe  rubfiaocei,  when  taken  in  by  the  Bnimal, 
.a£i  in  fomc  meafLiie  by  keeping  up  3  certain  degree  of  aflloa 

in  ils  (loroach,  and  conltquenlly  in  every  pari  of  Ihe  fyflem, 
j^nd  thereby  prevents  ihe  death  of  Ihe  animal,  wliich  might 

otherwile  be  dellrnyed  by  the  long  continued  application  of 
jcold.  Some  iafls  mentioned  by  Dr,  Pallai,  though  they  re- 
Jp^  a  very  diifereol  family  of  animals,  render  tjiis  conJeduM 
Jwl  a  Imlcplaufible*. 

Thit  (ub}>:&  is  vrQrlhy  of  more  attention.     In  particular,  it 
.vill  he  wett  to  enquire,  whether  Ihe  alligator  doet  fwallow 

|)inc-knois.  Hones,  &c.  in  ihofe  patli  of  America  In  which  it 

does  not  pal's  into  the  torpid  Date. 


0hjlrvalioiis  ottd  Eiprriments  an  the  cmdaSiiig  Pother  of  FluitU. 
•  Sy  T.  S.  Traill,  M.  D.     front  the  Juthor. 

To  Mr.  NICHOLSON. 
.,.      SIR,  Liverpool,  S^t,  10,  1805. 

■IF  you  iliink  the  following  obfervalinns  and  expeiimants 
'woFlhy  of  a  place  In  your  ekccllent  Journal,  your  inferling 
^em  will  oblige, 

Your  obedieul  fervanl, 
^  J.  S.  TRAILL,  M.  D. 

f    Count  Rumford  was  the  lirfl  who  maintained  that  fluids  Doarlne  of 
#rt  abfulute  non-condu£tors  of  caloric.     Thii  conclufion  he  Count  Rgm-^ 
,  idrew  from  the  inierefting  fafl  he  had  difcovered,  of  the  ex-  ,„  mn  loodw! 
items  tlowneft  with  which  ice  melted  when  a  flraturo  of  cold  <or.  oi  Int, 
twaier  wa>  inttrpofed  between  it  and  the  healed  body.     He  "'"""""'^ 
ifimaginei  that  it  wa»  always  melted    in  fuch  cirourananrei, 
veilher  by  mrrenU  produced,  in  fome  of  them  by  chr.nges  in 
ipecilic  gravity,  or  by  the  tranfiaiOion  of  caluric  through  the 
fides  of  the  containing  velttfj.     The  experiments  of  this  illuf- 
frious  philofopher  have  roufcd  the  attention  of  the  leained, 
^lul  lo  the  united  labours  ol  yourielf,  of  Thornton,  of  Dalton> 
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«nd  of  Marrey,  vre  tre  indebted  fbr  mn  hiTeftigetioii  of  iftto 
C6unl^l  opinnms^  the  refute  rf  wbidh  feemio  be«  tkal  finkU 
are  not  abfolute  lum^amduSton  of  odorkf  v.  < 
Bspf riments  of  The  mperidieiitir  tt  Dftltmi  and  Thomibn  ione  provedf  Hurt 
So  ^NicMfoU"  ^'^^  aTppearances  of  currents,  fach  as  dtfcribed  by  Hamferd, 
and  Murray,  ifAy  be  oAen  itlofory ;  and  from  thofe  of  Nididfaiif  mxfA  fimli 
confidered  by    infuftBy^  firft  experinents,  we  have'  flrdraf  tcaisiiir  fer  fopr 

the  Count,  /.,         ,  «.^«TkL    j   alL 

pounf,  that  Uie  temperatare  was  anecled'by  the  cooaiiorag 

IMhWr  of  tfw  fluids  emp1o}^d ;  bnt  in  my  opinion  tfae  esperi« 

ftientt  of  Marray  witli  a  cylinder  of  ice,  ixt  the  moft  axfr; 

-^hetedemonHration  of  this  contefied  point;    In  a  late  paper^ 

inferted  in  the  TranfaaionsDf  the  Royal  Society  of  London, 

Count  Rum  ford  endeavoars  ta  obviaAo.dMfeoi^eduiiiijifttbis 

hypotheftfl,  in  his  ufaai  ingenious  manner. 

It  IS  not  appre-       Even  admitting  that  in  your  experiments  the  caloric  wai 

ererfmlnt  of^  traiifttlitted  folely  by  the  containing  veflei  (an  opinion  by  no. 

Murray  could  be  means  probable),  and  that  currents,  fnch  asRumfiNrd  deTcribei, 

«ffeaed  by  cur-  ^^ive  all  (he  effeO.  he  attributes  to  them  in  certain  Cafes ;  fitU 

^     the  experiments  of.  Mr.  Murray  appear  i»  me  inooQtffovert- 

ible.      It  was  not,   therefore,    without  furprife,   that  I  ob- 

■ferved'hhnnfe  the  fbHowing  argument  to  in validata- their  i»- 

fults :  "  When  that  veflel  U  conftrnded  of  ice,  the  fiownig 

down  of  the  water,  refulting  from  the  thawing  of  the  ice, 

will  caufe  motions  in  the  liquid,  and  confeqaently  inaccu- 

"  racies  of  Aill  greater  moment ;''  viz.  than'  thofe  produced 

by  the  conducing  powers  of  the  fides  of  the  veffel.     Now  the 

YAetting  of  the  ice  could  affe6l  the  thermometer  only  by  being 

itfelf  heated,  and  then  trickling  down  the  fides  of  the  cy« 

Snder  of  ice.     But  i  apprehend,  the  water  TtMtiag  irom  Ihe 

melting  of  ihe  ioe  could  not  gain  a  higher  tenperatuna  than 

52^  F.  while  it  remained  in  contact  with  ice.  If  we  mix  even 

dfoal  parts  of  water  at  172^  and  ice;  we^io  not  find  that  the 

ffcmperature  of  the  mixture  is  above  32^.     If  iiich  a  large 

quantity  of  water  cannot  maintain  its-  temperature  in  cootad 

with  ice,  can  we  fuppofe  that  fucfa  a^  hnaU  quantity  as  was 

formed  couid  rife  to  a  higher  while  trickling  ^own  the  fidet 

4)f  a  thick  cylinder  of  ice. 

and  certainly  not      But  even  this  explanation  of  the  phenomenon  advanced  by 

cury  L-l' a  Te'lTel  ^^^^^  Rumford,  is  entirdy  inapp4icable  to  the  experiment 
or  ice.  with  mercury;  for  the  drops  of  water  formed  could  not  po^ 

iibly  fink  in  a  fluid  4b  much  more  denfe,  nor  throw  it  into 
eurreu  ts  which  could  reach  the  thermometer. 

3  Befides 
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'  BcGiles  (Iiofe  mofl  JnganioufX'speHiiienIs  devifedbj'  Mjrraj,  ^^'  'l^" 
We  have  oiher  piooCj  of  ti\e  condu^iing  powet  <il'  li([iii(ls  'n  d'odjaon. 
fevetal  well  known  Tafls. 

JJf.  It  ihe  non-coTuiKdin^  pinwer  of  liquidt  have  any  mean-  i-  They  uke  a 
ing,  tl  mud  fignify  that  their  parliclw  arft  incapable  vf  com-  "'^°"^'"" 
tnunicaling  lo  c^ach  other  the  (eoiperature  ihey  have  iK.-(iij![ecl  mliing. 
hy  phylical  coniad  with  foitie  other  body,  whufe  temperature 
teas  elevated.     If  this  were  true,  hitvv  Ihali  we  accuuel  for 
Ihe  mean  temjierntore  produced  by  nii\tng  e<iual  quantities 
of  hot  and  cold  water.-  Rumford,  if  I  recolka  aiigix,  has 
endcavouied  lo  obviate  this  objeAion  to  his  h)poiht'ii«  by 
Tuppofing,    that  it  is  only  an  inlimaie  raixture  of  Itut  and 
cold  particles  which  lakes  place  in  fucti  cafes.     If  thit  were 
true,  ivc  (liould  cspeci,  from   the  rapid  motion  he  fuppufe* 
ihc  currents  lo  have  in  iiqutds  that  are  heatc^d,    ihai  they 
kvoold  loon  fepirate  into  warmer  and  colder  Itrata,  from  the 
Tliirerctice  in  their  fpecific  gravitiua ;  Thi»  huwever  is  not  the 

l<  cafe:  The  wbole  aciiuirei  a  uniform  icmperalure, 

2J.  When   mercury  and  water  at  different  lemperalures  »•  Mote  pattl. 

-^'•te  mixed,  an  interchange  of  caloric  lakes  place.  From  the  ^|^j  '^*^, 
very  great  difference  uf  iheir  fpecific  griviliei  we  cannot 
Yuppofe  that  every  particle  of  ihe  one  ha«  been  in  conUfl 
with  every  particle  of  the  other;  yet  they  foon  aetjiiire  a 
cammon  tempernlure,  which  though  not  a  mean,  has  always 
*  conllant  relation  lo  ihe  lemperalure  of  Ihu  iwo  fluids  bi^fure 
mixture.     Doss  not  Ihis  indicate  a  considerable  conduftmg 

;  fawa  !n  thofe  liquids?  Indeed,  I  cannot  conceive  ihai  any 

■  iiiterchange  of  temperature  could  lake  place  in   fu<h  csf«'<,  if 
p  tlie  paniclei  of  the  liquid;  were  incapable  of  conmuniGaling 

■*therr  cjluric  to  the  nesl  parliclei. 

f      'int.  The  btautiful   experiment  devifed  by   Ruraford,  in  j.  The  nOcl  ;* 
-which  water,  in  a  f>I;if«  lube,  wns  made  to  bgij  over  a  caie  V'°J'"' '  ""* 
-of  ice,  by  ihe  application  of  a  heated  body  to  (he  tipper  pan  count  in  <lie 
&  cf  Ihe  containing  tube,  without,  lor  a  very  long  time,  alfeflinK  '"'.*'!  '^7"j 
-.•the  ice,  it  a  fufficient  pronf  of  the  llownefs  with  which  glafs  [,(„,  of  c.  R. 
i-lraiifroits  caloric,  and  clearly  indic-aies  thai  Ihe  fides  of  the 
vcird  in  fevetal  of  (he  espettmenln  of  the  above- meulioned 
i^hilofophen,  could  not  be  the  lole  conducing  medium, 
r      M.  Thefixteenth  experimenl  in  Rumlbrd'a  fe«enth  elTay,  4- Hoi  v4i«r 
'  BlTords  another  argument  againQ  hi*  opinion.      He  1""'^*'' a^"[  not"!^ 

■  'Siting  water  on  a  flraium  of  cold  water,  which  rcAed  on  a  iti  tempeiituit 

L ^ 


cake  of  ico  in  the  bottom  o(  a  jar ;  bo  found  Ihat  nev  llam 

furface  of  the  ice  the  temperature  was  40^,  9,t  Ihe  diftanoe  oC 

three  inches  it  was  159^,  but  at  the  difiance  of  fevep  inches 

it  was  only  160^.     Had  the  cold  water  acquired  its  elevatioa 

of  temperature  by  the  currents  produced^  or  by. the  fides  of 

the  veffcl,  we  ought^  I  apprehend,  to  have  found  the  tenw 

perature  fpreading  more  unitbrmly  :  but  though  the  firft  four 

inches  only  differ  by  one  degree,  we  fipd  the  neiU  three  did 

fering  by  1 19  degrees. 

S'  ^<:^^  *PP^''^^      5th.  If  liquids  were  abfolute  non-condudors  of  cakMric»  it 

wards'.  '  would  neceflarily  follow^  tliat  when  caloric  was  applied  to  thp 

ppper  furface  of  different  liquids,   other  circumfianoes  re* 

mainlng  unchanged,  and  provided  the  liquid  did  not  increaie 

in  fpecific  gravity  by  cooling,  equal  incrcn^cnti  qf  tenferaturc 

would  lake  place  ii}  equal  times. 

Apparatus  for         From  fevcral  experiments  it  U  probM>le4  th4it  fgiQe  liquids 

?r\Eriir^   condufl  c^lorip  more  rapidly  than  others.     The  following 

heat  dovimwards  were  undertaken  with  a  view  to  afcertain  more  accurately 

through  Buids.   jj^j  p^ij^^ .  jj^^  f^^  J  ^^^^  fucceeded  I  leave  you  to^udge: 

A  cylindrical  ve(fel  was  turned  out  of  wood,  having  i^ 
fides  0.5  inch  thick  ;  its  height  four  inches,  and  its  diameter 
two.  It  has  a  moveable  wooden  top  or  cover  perforated  with 
a  hole  in  its  centre  a  little  more  than  an  inch  in  diameter,  into 
which  an  iron  cylinder  of  one  inch  in  diameter  could  be  eafily 
introduced.  Xhis  cylinder  is  fupported  by  a  (light  ^aoch  or 
flioulder-rpiece,  and  can  be  taken  up  by  means  of  a  firing  at- 
tached to  its  top.  When  the  iron  bar  is  in  its  place,  its  fl^t 
lower  extremity  is  0.5  inch  difiant  from  the  bulb  of  a  delicate 
mercurial  thermometer  D  C,  which  is  fixed  by  w^^Xj^  in  a  hole 
perforating  the  cylinder  near  its  bottom.  Xhis  thennometef^ 
which  was  made  by  the  late  Ramfd^n,  Ims  a  tube  as  fine  as  a 
human  hair,  and  is  bended  to  a  right  angle,  fp  that  its  bulb 
and  part  of  its  fieo)  lie  in  the  ai^is  of  the  wpoden  cylinder. 
This  (hape  was  preferred,  becaufe  the  (lem  could  be  little 
affedled  t)y  th^  caloric  tranfmitted  by  the  fid^s  of  the  vefleli 
till  after  the  bulb  was  adled  on  by  the  calpric  of  the  iron  bar. 
A  variety  of  es^perimepls  were  performed  with  this  ^paratus 
Tot«> vAriout li '  in  the  following  manner:  The  temperature  of  the  room  being 
rlfii*  V"f/'  ^^'*'^Jf  61/"  F.  during  the  trials,  a  kettle  of  water  was  kept 
a  cylindrr  of  boiling  over  the  fire  :  Its  temperature  was  between  211^  and 
fpeuiat»i»''     212^,  vid  \nU>  tlii^  th^  PJfltn(}er  9(  iron  was  fu&red  iq  (e^ 

niainj 
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iMMfit  it  each  experiment,  for  \5  minutes.    Tbe  liquid  to  be  and  the  rife  of 
exanincd,  and  all  the  apparatus  (but  the  iron  bar),  were,  at  ^7i!^^?^ 
each  experiment,  afcertained  to  be  at  67 ^«    The  liquid  wasneath,  waioK« 
poured  into  the  wooden  veflTel,  till  it  could  rife  0. 1  inch  on  ^^r'***  *"  ^^ 
the  iide  of  the  iron  cylinder  when  in  itfl  place :  The  wooden 
top  was  pot  on,  and  the  iron  was  drawn  out  of  the  kettlo 
of  boiling  water  by  means  pf  t|ie  attached  ftriogt  and  infiaotljr 
let  down  through  the  hole  of  the  cover.    The  time  the  ther«» 
mometer  took  to  rife  through  three  degrees  (to  70^)  was  ac» 
cnratelj  marked  by  .means  of  a  fioprwatch,  and  the  refults  of 
my  experiv^tft  on  feveral  fluida  are  exhibited  in  the  fot« 
lowing. 

TABLE. 

TaUeof  fcfolts. 




1. 

Liqaids. 

Minutes. 

Seconds. 

Water,    -        -        - 

7 

5 

2. 

Miik  of  a  Cow, 

^8 

25 

3. 

Proof  Spirit,    -         -         - 

8  nearly 

n> 

4. 

Alkohol.     London  Pharm. 

10 

43 

5. 

-Tranfparent  Olive  Oil,     -" 

9 

50 

6. 

■  Mercury,         -• 

0 

15 

7. 

nSoluiion  of  Sulphate  pf  IroUf 

■ 

one  part  of  Salt  to  five  of 

% 

.    .Water,     ,    - 

8 

•     0 

8. 

Saturated  Solution  of  Sul- 

•• '  phate  of  Alumine, 

9 

40 

9. 

->  Ditto. Solution  of  Sulphate 

■ 

K    ■            . 

:    ofSoda, 

6 

SO 

10. 

Aflua  Potafs.  Purx.  Lond. 
Pharm.         ... 

8 

15 

11. 

Saturated  Solution  of  Sul- 

phate of  Soda,   but  the 

Liquid  not  touching  the 

Iron    Cylinder    by    0.1 

Inch,  or  nearly  Jb, 

19 

20 

As  the  water  in  the  firft  experiment  was  employed  at  aThetempen- 
temperature  above  42^,  it  cooW  not  affeft  the  thermometer  by  SThlA  to^ 
any  change  of  denfity ;  it  may  therefore  ferve  as  a  ftandard  duce  a  de(ceo4- 
to  cooapare  the  other  liqoids.     With  regard  to  the  differences  »^»  ^T*^!? 
of  a  few  ieconds,  we  need  not  infift  on  it  as  indicating  any  jng. 
inaterial  difference  between  the  conducing  power  of  the  differ- 
lent  fnbftances ;  becaufe  the  eye  may  not  be  able  to  mark  it 
jnftantaneoufly :  b|it  wherq  tbia  difference  amounts  to  nearly 

H  quarter 
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a  quarter  of  a  minu(e«  much  more  when  to  feTeral  ninoteirf 
we  may  fairly  conclade,  that  there  b  a  difference  in  oondo£ting 
power. 

In  all  thefe  experrnieats  the  fidet  of  the  apparatus  (hoaM 
have  produced  equal  increments,  had  this  been  the  canfe  of 
the  rife  of  the  ffaermometer^  and  it  is  evident  that  currents 
downwardi  could  not  aifedt  it.  That  the  fides  of  the  Teflel 
could  not  communicaCe  the  temperature  to  the  thermometer^ 
nor  even  the  radiant  calnrk  aflTed  it  In  (he  manner  obferred» 
the  eleventh  experiment  (which  by  the  way  arofe  fWmi  an  error 
in  the  mode  of  condudlih^  the  trlid  with  fulphate  of  Toda)  fufli- 
ciently  demonflrates.  From  an  infpedion  of  the  table,  it  will 
be  feen,  that  the  aqueous  folutions  of  different  falls  differ  ma* 
terially  from  each  other  in  the  celerity  with  which  caloric  b  pro> 
pagated  through  them. 

I  attempted  to  meafure  the  condu6ting  powers  of  feveral  of 
the  weaker  acids,  but  f  was  foon  cbnvinced  that  their  affion  oa 
the  iron  might  invalidate  the  accuracy  of  the  refults. 
The  fluids  are  Jt  will  be  unneceflfary  to  obferve  that  if  we  find  the  thermo* 
pi^^€r  CO  uc  j^^^gj.  requiring  different  times  for  its  elevation,  in  fuch  €:ifes« 
we  mufl  afcribe  it  to  the  conduding  powers  of  the  aciSium 
between  U  and  the  heated  body. 

If  I  am  not  deceived,  we  may  conclude  from  what  I  have 
above  adduced,  (hat  liquids  as  well  as  folids  are  conduAors  of 
caloric ;  that  the  tranfmiflion  of  it  through  them  foltovrs  a  par- 
ticular law  depending  on  the  properties  of  the  particular  liquid, 
but  which  is  not  in  the  exa.€t  ratio  of  any  of  their  mechanical 
properties,  though  nearer  that  of  their  denfiy  than  any  other. 
The  Counts  Such,  Sir,  are  the  principal  arguments  that  feem  to  inilifale 

weiuTplaincd     Bgai^ft  Count  Rumford's  hypothefit,  which  he  has,  with  that 
l»y  the  How  con*  ingenuity  which  didinguifbes  his  refearches,  applied  to  the 
of  flu?d8»*by^  folution  of  many  important  phenomena  of  nature.     Thefe, 
its  negation.      however,  may  be  equally  well  explained  by  fuppofing  liquids 
Very  (low  cor-  very  bad  condudors  of  caloric ;  and,  if  the  currents  cauled  in 
i"?a!ft  o"Sic^  liquids  by  changes  in  temperature,  have  even  a  very  inferior 
Gbcicre  of        velocity  to  what  he  fuppofes,  we  may,  I  think,  account  fuflS- 
Chsmounu        ciently  well  for  the  appearance  he  obferved  on  the  Gbciere  of 
Chamouni,  which  he  propofes  as  a  left  of  im  opinions,  by 
the  decrcufe  in  denfity  ot  water  while  its  temperature  de- 
icends  ftom  42"^  to  32^,  (a  lad  %viluch  the  Count's  late  expe. 
limeats  cunfirnj  without  alTeoiiBg  to  his  opinioas  with  regard 

to 
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Sslhenon-cunduAIng  power  of  fluids.     An  examination  oF 
-ihi*  wculd,  however,  extend  farther  this  already  too  long 
letler;  but  if  you  deem  fuch  "n  enquiry  inlerefling,  il  nay 
be  llie  fubjed  of  a  future  communicatTont 
1  am,  Stf. 

Ytw**  with  refpefl, 

T-S,  TRAILL. 

*«*  At  (bis  leUer  did  not  come  to  hand  (ill  above  «  fork 
pifbt  aOer  il4  dale,  and  Hie  vcibal  dvftripiion  i*  veiy  clear, 
it  wa;  not  thoughi  necelTary  Id  podjiuiic  it  for  engraving  the 

(fuUioi's  Iketdi.— N. 
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jnitJM  AcervLnlqfaremurkaUj/jtror^aaiiferociouiBeaji,  altich 
(ihey  fay  J  esijitd  in  the  iiorliitrn  I'arlt  qf  l/ie  SliUc  oj'  iV«w 

,,  Yo^k  »boiU  Kd"  huttdied  Yaira  v^o.  Colltdei  arid  eenmuau- 
fuiftf  *  bj/  Mr.  JouH  HEQKfcWtLoEa, 

X  HE  jagi(ho  +  (or  naked  animal,  or  bear,  ai  Tome  of  ihe  Acco 
.^ndi^ivi  call  it]  was  an  animal  rniich  I'uperior  in  fize  lo  'li^^^ 
'argvA  bear.     It  was  remarkably  long- bud  led,  broad  down  ils(h>:  i 
fliauldqr&.  but  Ibin,  or  nairnw  at  its  liind  legs,  of  jufl  a(  the'"'^" 
leimiijatioDiof  llie  body.     Ii  had  a  large  bead  and  a  frighltul 
luuk.     lis  bgs  were  Hiorl  and  lliick.     llB  paw)  (ibetoeiof 
i*bicli  were  furnilhed  wiih  long  nails  or  clawa,  n»rly  as  long 
as  an  Indian'^  linger]  fpiead  very  wide.     Except  the  bead; 
llie  neck,  3JtU  the  binder  prU  of  iu  leg.^  in  all  which  places 
the  bair  was  very  long,  llw  jagiUto  wae  almoO  Baked  of  boir; 
on  tvhtch  account  (lie  ludiant  gave  il  the  name  of  "  naked." 

Several  uf  (hefe  animals  bad  before  ibis  lime  bean  deflroyed 
by  llie  Indians,  but  tbis  particular  one  liad,  ftom  lime  to  line, 
deiiroyed  many  of  ihe  Indians,  particularly  women  and  chil- 
dren, when  Ihey  were  out  in  llie  woods  getting  duI>,  digging 
roots,  &c.  or  wlien  ihey  were  working  in  the  lields.  Hunters 
wbcn  faQ  puifued  by  lliis  animal,  bad  no  meaas  of  et'caping 

•  To  theEdltor^of  ilic  PhihJclpWj  Medical  jod  Phji'ical  Jour- 
nal, when«  ihi!  ii  tiV.m. 
.    \  The  Intlian  name  of  thi(  b«al)  or  animal; 
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Acoomt  of  the  from  it  except  where  a  river  or  lake  was  at  hand,  by  plaogin^ 
odM  juwiio  by  '"^^  ^'^^  waters,  and  fwimming  oui,  or  duan  the  fiream  to  m 
the  American  great  diftance,  they  eflfedted  their  efcape.  When  this  was  the 
cafe,  and  the  bead  was  not  able  to  purfuebis  intended  prey 
any  further,  he  would  fet  up  fucfa  a  roaring  noife,  that  every 
Indian  who  iieard  it  trembled, with  fear. 

This  aninial  preyed  upon  every  beaft  it  could  lay  hold  of. 
It  would  catch  and  kill  the  largefl  bear,  and  devour  it.  While 
ihe  bears  were  plentiful  the  Indians  had  not  fo  much  cauie  to 
dread  the  jagifiiC;  but  when  tht#  was  not  the  cafe,  be  wouM 
Tan  «boat  in  tiib  woods,  fearchin^  for  the  track  or  fcent  of  the 
hunters,  and  follow  them  up.  The  women  became  fb  nriflch 
afraid  of  going  out  to  work,  that  the  men  aflembled  to  deli* 
bavle  on  S  j^Jan  for  billing  Kim. 

This  beaft  had  itx  reHdence'at  or  near  a  lake,  (h>m  which  the 
water  flows  in  two  different  vray«  (or  has  two  different  ont« 
lets),  one  northerly  and  the  other  footherly.  The  Indians 
being  well  informed  of  this  circumflance,  a  refolvte  party  of 
them,  well  armed  with  bows,  arrows,  and  fpears,  made  to- 
wards the  lake.  They  (hitioned  Ifitofelves  on  a  high  per-^ 
pendicular  rock,  climbing  up  the  fame  by  means  of  IndiaB 
ladders,  and  then  drawing, thefe  ladders  up  after  them. 

After  being  well  fixed,  and  having  taken  up  with  them  m 
number  of  flones,  the  Indians  began  to  imitate  the  Voices  and 
cries  of  the  various  beafh  of  the  woods,  and  even  ihofe  of 
children,  in  order  to  decoy  the  jagifbo  thither.  Having  fpent 
fome  days  in  this  place  without  fuccefs,  a  detached  party  took 
an  excurfion  to  fpme  diflance  from  the  rock.  Before  they  had 
reached  the  rock  again,  the  beaft  had  gotten  the  fcent  of  them, 
and  was  in  full  purfutt  of  them.  They,  however,  regained 
that  pofition  before  he  arrived*  When  he  came  to  the  rock« 
he  was  in  great  anger,  fprang  againft  il  with  his  month  wide 
open,  grinning  and  fetzing  upon  it,  as  though  he  would  tear 
it  to  pieces  *•**'.  During  this  time,  numbers  of  arrows 
and  ftones  were  difcharged^at  him,  until  at  length  he  dropped 
down  and  expired. 

His  head  was  out  oflT,  and  was  carried  in  triumph  by  the 
Indians  to  their  villages  or  fettlements  on  the  North 
River,  and  was  there  fixed  upon  a  pole  that  it  might  be  feen* 
As  the  report  of  tl^e  death  of  the  animal  fpread  among  th^ 

peighbou$in|( 
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neighbouring, Iribei,  numbers  oi  ihem  came  lo  view  the  licad  Accowst  ef  A 
•iid  to  praile  Ibe  vidocioui  Indians  for  iheir  wwlike  deed,         cXd'/iifto  Vf 
2/.  B.     The  Mahicaiini  claim  Ihe  honour  of  Uiis  nEl.  the  Aouikn 

Remarks  bv  the  Euitoi. 

The  precedinj;  Iradiiional  account*  of  ihe  Indian),  con- 
cerning the  "  naked  beaft,"  are  in  fome  refpefls,  fo  very  ex- 
travagant, thai  (hey  may  perhaps  be  deemed  ailogelher  un- 
worthy of  any  allenfioti.  1  muft  confefs,  however,  that  I 
cannot  but  cunfidcr  fuch  tradilions,  though  imperreclly  handed 
down  to  ui,  and  evidently  disligjred  by  table,  ai  cnliUed  Id 
ibe  notice  of  Ihe  naLuralift  and  philofopher. 

That  fuchanaoiiiialaJiheJagHfio  iidefcribed  lo  have  been, 
ha*  ewer  exifted  in  the  fiaie  of  New  York,  may  perhap* 
ydoiit  fj  a  rational  duub' ;  but  llial  the  Indian  Iradtlion  relstes 
tajime  rcmirJiaOU  animal  that  is  no  lunger  lo  be  feen  in  Ota 
CMipUjf  wKicli  it  ii  [aid  lo  have  jnhabiied,  1  think  Uxre  ia 
good  r««lpn  to  believe.  U'hal  diis  aniinal  was,  at  what  period 
it  ceafed  to  be  feen,  and  what  was  the  raore  pure  aecuanl  •£ 
the  Indiana  conceining  ii  oj^  bujidred  years  ago,  I  do  not 
pretend  to  determine. 

PolTibly  tlie  Indian  tradition  refers  to  the  large  animal,  (I 
mean  sn  iticlividul  ut  ilie  fame  fpocies,)  fome  of  whofe  bones 
have  been  liiuod  in -a  cavern  in  Oie  back  parti  of  Virginia ;  the 
animal  of  Which  mention  t;  made  in  Ihe  firfi  part  of  thii 
Jouuial,*.  '  It  is  true  indited  llial  the  Indian  accuurls  of  the 
adivily  uf  the  New  Ynik  arlimal  are  not  vei^  lavuursblc  to 
the  idea,  that  the  animal  wai  Mr.  Je0i;rfon's  Megalonyv, 
which  (  have  fjpp'Ved  bcloitged  lu  Ihe  order  of  Tadigrada, 
comprehending  thc'Sloih,  the  j\rmadillo,  and  others.  What 
ia  faid  of  the  clavva  of  llie  Jagilho  may  be  thought  to  favour 
the  notion  that  this  vr^s  really  Ibe  Migulonyx,  or  Megaihe- 
num.  llul  I  would  not  be  nndcrllood  to  place  any  depend- 
snce  upon  the  minute  or  defcriplive  timiBiQancei  which 
are  meniioned  in  ihe  Indian  trsditiun.  Nor  indeed  do  I  think 
it  at  all  probable  that  the  Megal^nyx  (as  it  is  called)  or  any  of 
ihe  fpeciet  ol  elephanli  wJntle  exuvix  ^ound  in  variou'i  parti 
«f  North  America,  have  been  feen  in  a  living  Hate  in  ihii 
Coniinenit  within  the  period  of  two^  or  even  twice  (w» 
hundred  ycats. 


L 


*  SeaionXhiid,  p.  152, 15*. 
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SCIENTIFIC    HEWS^^x. 
Dcnlh  nf  FrciftJJbr  ClaJ'rM. 

Khpwth.  OOME  oF  ihc  foreign  Journals  Iiave  announced  (he  dealh-rtf  ■ 

the  celebrated  Klaprotli  of  Bcflin,  who,  for  the  beaefit  of  iho, 
Sciences,  continue?  in  good  Iieallh  in  hU  Gxtj-fecond  ^ear.  i 
Mr.  Julius  Claprolb,  Frofeffor  of  Jurifptudence  in  ihc  Univer* 
lily  of  Goltingen,  well  known  for  feverel  learned  woiks  os%, 
that  fubje^t,  died  on  die  10th  February  laD,  in  hb  fevenlj^ 
fcrenih  year. 

•^Sro'.outical  prize,  t 

L.lanJc*i  priie       Thfl  medal  founded  by  de  Lalande  for  ihe  befl  aJh-onomicBl 

gUen  10  H4I-     work,  ha«  been  adjudged  by  the  National  Inttiiute  in  il!  tilling  l 

^''*'  of  Apii)  lafl,  to  Mr.  Harding,  for  hi;  dilcovery  of  lh«  lafi  BcW  j 

pUn«t.     That  abler  allrunomor  has  been  appointed  to  Uie  di*  . 

l«£lion  of  llie  Oblervalory  at  Goilingen,  1 


,\'no  Muficat  In/lntrntnl,  I 

^  Pulilh  cIukL-maker  naoted  Malloulky,  arrived  at  ^o'l'ifi 
at  the  begiuniiiji  of  llie  iircfent  year,  with  the  iatenlioA  of  «x« 
bibitiiig  a  new  liriiigtHJ  inltrumeiil,  ol'  his  invention,     ^otii 
wilhUandio^  a  variety  ofadvcrliremeols,  he  did  not  fucveed  ta 
ftUraftiiig  the  public  notice;  and  he  delertnined  lo  exhibit  th«i  | 
inRrumeiit  ai  a  concert  previous  lo  hU  departure.    About  304 , , 
auditors  allra^ed  by  the  names  of  Himoiel  and  Seid!en.  wbo 
were  to  peribrm^  attended,  and  towards  the  end  of  the  conceit 
nearly  half  the  Duntber  retired.     The  arlift  pruceeded  loex* 
bibit  bii  Ko^liToa,  which  a  tlie  name  be  gives  the  inllrument.- 
UcobGHs  ol'afound-board,  on  which  the  uluallyH^nijrKtirea 
uf  the  I'iaDO  aie  6xuU.    iteiween  ihefe  wires  ate  fraall  «< 
cylinden,  wUich  bewg  pat  into  inoti'x),   comaunicalc  Ibcii ,' 
vibraljons  to  ilie  wiie''.     The  tone*  are  fo  fufi  and  enchanting  |^ 
that  the  Itaicnunica  canaut  etjual  iheiu,  the  Ibite  and  piano  a 
given  in  every  imaginable  gradation,  and  the  whole  effed  w. 
tio  iefs  furpriilng  than  utJONpcded,  and  the  maker  Huhn  ie«  J 
ceived  ordcri  for  a  number  of  the  inAfumenti. 


setssimc  Kiwi. 


The  prefent  article  U  taken  from  Millin'i  Maqnjtn  Ekci/cIojk- 
JifKr,  who  does  nnt  fay  whether  the  wooden  cylinders  were 
moved  in  rotation  or  olhrrtvife.  fior  )io*'  tliry  were  applied 
and  prefTed  agamti  ihe  firing*.  The  leading  fjfl  of  Ihl'  notice 
feems  10  be,  thai  (here  are  certain  kinds  of  wood,  and  perhaps 
certain  refinoui  or  other  matters  to  be  3ppiii:d  to  tliem,  (hst 
will  produce  Ihe  etlVfl  of  a  bow  upon  wire  {Iringi  in  a  Cuperior 
manner.  It  U  indi;ei)  probable,  Ihal  we  do  not  ;el  pofTefa 
much  knowledf^  ol'  the  art  ot  producing  lone)  bv  the  powerluE 
expedient  of  bowinj;,  or  light  frlAion  |  and  meclianic»  hive 
flill  an  ample  fidd  f.ir  applying  this  method  wjih  Torce,  pre- 
ciCon,  and  rapidity  to  ilie  more  compounded  inrirumenls. 


On  the  2«lh  of  May  lad  died  AleKander  Saverien  engineer  Octh  of 
«f  the  French  marine;  who  has  been  CiKif  yean  known  to  the  """*' 
i<:icnlific  Morld,  lur  hi)  writing!  on  navigation  and  Ihe  theory 
of  buiiding,  rigging  and  manwuvcriflg  Ihip*.  He  lia*  writlen 
accounts  of  the  inllrumenln  for  making;  obl«n'ai>oit9  at  fea; 
•  marine  difiionary  ;  a  di^iooMy  of  ilie  maihemalicii ;  a  dicv 
tionary  of  archiiedure;  an  biftory  of  modern  pliilofopheri, 
and  an  hiAory  of  the  progrefa  of  the  human  underflanding. 
Hit  workt  indicate  a  c»nlide(abte  fhare  of  lament  and  very  ex- 
tenlivc  knowledge.  For  many  of  the  laft  years  of  bin  lite  he 
wa<  ptiur  and  infirm,  and  wuk  murb  indebted  to  the  caret  of  a 
fervani  who  continued  with  hint  frnm  molivtrs  of  slladiment. 
He  died  at  Iheafeof  eighly-five,  leaving  behind  him  a  widow 
likevrilie  very  aged  snd  in  nant. 


ruTi  ond  btaatifui  Cctitji, 
Mr.  Van  Mons  informs  m,  that,  if  lead  a(he(  be  ciiJTolved  Vyn  n 
in  a  fufBcietrt  qunnlrty  of  dihjfc  nilrie  acid  by  tbe  help  of  a"  "  " 
gentle  heat,  filtfted,  and  precipitated  by  chalk  In  impalpable 
powder,  rhe  precipiisie,  «  hen  walhed  and  dried,  will  be  ihe 
pureli  and  moft  beauliliil  ccrofe  podible,     Theqacftinn  which 
otfer»  itfelf  on  this  occalion,  ia  whether  H  could  be  afforded  at 
a  leafonable  price. 
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Chrotnate  of  Lead  and  of  Silver^ 

Chromateof  Count  Mooffin  Poufchkin  has  diflblved  bolh  (he  red  lead  fpar 

iMjIandof  filTefund  chromate  of  filver  in  nilric  acid,  by  adding  a  liltle  fugar 
ttic  add.  ^"C  moment  the  acid  is  poured  on,  and  promoting  the  aaion 

by  gentle  heat.  The  fpar  then  requires  only  five  or  fix  parts 
of  acid»  the  chromate  of  filver  flill  lefs*  Nitrous  acid  gas 
is  evolved,  and  the  folulion]  of  the  former  is  an  ametbyft  co^ 
lour,  of  (lie  latter  a  garnet  redy  without  the  leaft  iraoe  of  green, 
either  by  reflection  or  refradlion. 

Puir^actioa  prevented. 

Ftetrcfaaioo  Dr.  Valli  having  left  a  pound  of  fcup  in  which  wett  twelve 

F*^^*^*Jy     or  fifteen  grains  of  red  precipitate,  expofed  to  the  open  air 

pf^F^"^  for  four  months,  (band  it  exhibited  no  fign  of  potrefadioD, 

and  did  not  evcQ'MI^Ho  have  undergone  any  altenition.     He 

then  repe«ted  the^txperiment  for  a.month  in  the  height  of  finii- 

withoutlo&flf  iD^»  with  the  froie  effed.    The  oxide  in  the  mean  time  had 

weight  or  CO*    neither  diminiflied  in  weiglii  nor  altered  its  colour, 

imd  by  die  ^^  ^^'*  ^''  V*"  Mon^^lierfes,  that  he  has  found  broth 

oombimtioB  of  keep  for  years  by  means  ^  a  few  grains  of  mercury  in  the 

^^^  ilate  of  oxide  and  citrai^-1  Nitrate  of  filver  has  long  been 

confidered  as  the  mofi  pidiwerrul  of  antifeptics,  and  he  has 

found  thofe  of  goM  and  of  mercury  equally  fo.     Oxigenated 

muriate  of  potafli  retarded  the  putrefaction  of  flrong  fonp  fe- 

veral  days*  and  ukimalely  put  a  fiop  to  it  at  a  certain  point. 

Very  ditttte  nitric  acid«  and  oxigenated  muriatic  acid  in  the 

ilate  ufed  for  bleaching,  preferved  a  moderate  fiirong  Ibup  for 

feveral  months. 


Lcverian  Mujbumm 

Sale  of  the  le-  '^^  Leverian  Mufeum  whidihas  been  near  40  3rears  in 
tcrtaaMofettm.colleAing  at  an  expence  of  near  SQfiOOL  will  be  fold  by 
public  audion  in  May  1 806f  unlefs  an  acceptable  offer  for  the 
purchafe  of  the  viMt  be  previoufly  made.  The  fale  will 
take  place  in  the  building  which  now  contains  the  Mufeum. 
Catalogues  arc  preparing  wilh  all  fpced. 
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ARTICLE   L 

jFu!&s imd Ohfirvathm rehUing  to  tkcB^fU,  mtd other  Difiafn 
of  Com*     In  a  Letter  from  G.  CvMififtiAMo,  £^. 

To  Ma;  NICHOLSON, 
SOL,  WeJUm-JUpra^Mure,  lOtkOBober,  1805. 

XjLLTHOUGH  not  much  in  the  habit  of  taking  any  thing  Reference  to  the 
on  iruft,  I  niMil  confefs,  that  whon  early  in  the  fpring  ihe '^•^Pj*^*^  o^  Sir 
pamphlet  of  Sir  Jofeph  Banks^  called,  A  Jhort  Account,  qf  the  ^^  ^igbt  in  ^ 
€aufi  of  the  Difiafe  in  Com,  called  by  the  Formers,  the- flight,  co»« 
t'^e  Mildew,  and  the  Rufi*f   came   to  my  knowledge,  I   felt 
very  miich  inclined  on  the  credit  of  his  extenfive  fame  to 
receive  with  a  favourable  prejadice,  what  w«s  fo  poiitively 
announced  as  infor roationt  on  a  fubjed  that  we  may  all,  I 
fuppofe,  be  allowed  to  have  fomething  to  do  with. 

Having  therefore  much  leifure,  and  being  placed  in  a  fa-  Corn  fowed  netr 
youf able  iituation  to  make  obfervationt,  I  began  doing  all  that  *  ^^^^^  ^""^ 
could  then  be  done,  viz.  planting  fome  wheat  near  a  barberry 
bu(h,  and  fearching  carefully  for  the  yellow  rufi  on  the  early 
leaves. 

*  Inferted  intire  in  our  Journal  X.  p.  225* 

Vol.  XIL — November,  ISOi.  L  Inex^ 
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tMfeafsd  ^^        I  next  examined  the  Araw  by  the  Inicrorcopei  maliiig  nanf 
ifwM  fc^rS^*  diflcaions  with  great  attention.    The  refult  of  which  wai, 
Jbf r,  Baoer^s       a  convidtOQ  that  the  defigners  and  engravers  part  of  the  fine 
vnToSreft.      P^^^^^  ^^^  accompany   this  eflay,  has  been  excelleotly  and 
faithfully  managed,  as  far  as  the  then  feafon  would  permit  me 
to  compare  them«  and  fome  old  draws  of  the  laft  year  render* 
ed  it  very  probable,  that  the  whole  was  corredly  drawn* 
Doubt  whether       But  here  I  began  to  fufped,  that  the  ruft  was  not  fo  guiltj 
^*£^,  ^^_2jj^  as  has  been  reprefented,  for,  admitting  for  a  momcoty  that  it 
does  intercept  the  fap  by  plugging  the  apertures  faid  to  be 
dedined  in  wet  weather  to  receive  the  humidity  of  the  ataoC- 
phere,  yet,  as  it  is  not  yet  afcertained  that  it  firiket  root«  into 
the  cellular  texture  beyond  the  back,  for  I  could  not  admit 
of  faying  there  is  no  douht  of  a  thing  that  luu  not  yet  beem 
traced,  fee  page  11  (or  227  of  Journal)  and  as  the  plates,  if 
they  prove  any  thing  prtne  the  contrary,  vide  fig.  7.  I  thought 
we  mud  wait  awhile  before  we  could  charge  to  this  otpife  the 
diminution  of  our  flour*    There  was  yet  another  motive  in  my 
humble  opinion  for  doubt :  I  faw,  even  by  examining  the  ftrawt 
of  lad  year,  that  it  was  fcarcely  poifible  to  find  among  hon* 
dreds  ofruftedftraws  that  had  blighted  headt,  one  thai  any  way 
partook  of  the  ru(l  except  at  the  upper  joint,  and  that  partial* 
ly  only,  while  the  flieaths  that  nature  has  kindly  given  to  ward 
off  injuries,  were  compleatly  confumed  with  it.     Now  I  be- 
lieve, no  one  will  pretend  to  aflert,  that  this  injury  done  to 
the  (heaths  of  the  draws  could  in  any  way  adedl  the  rifing  of 
thejhp  to  the  ear ;  we  mud  therefore,  I  foon  faw,  confine  the 
caul'e  of  injury,  tf  this  be  any  caufe,  to  the  quantity  of  fungi 
that  more  immediately  attacks  the  upper  bare  jomt  of  the 
draw. 

And  even  here  it  appeared  at  this  early  dage  of  mj  doubts 
to  be  very  uncertain ;  for  if  we  refled  fird  of  all  that  it  is 
by  no  means  prelended  to  be  proved,  that  thefe  fiingi  do 
penetrate  the  cellular  texture ;  and  next,  that  if  they  do,  it  will 
remain  to  be  proved,  that  by  fo  doing  they  materially  intercept 
the  fap;  and  ladly  (which  I  conceive  to  be  no  extravagant  con* 
jedlure)  that  if  they  did,  yet  as  far  as  the  cellular  texture  of 
the  draw  is  concerned  in  conveying  it,  the  interception  could 
only  be  very  partial. — Taking  all  thefe  refledlions  together» 
I  think  1  was  grounded  in  entertaining  doubts  of  the  true 
aaufi  having  been  exhibited,  as  is  fet  forth  in  this  pamphlet, 

p.i3« 
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\.  n.-fot  353  Joarnil.)  Wliere  the  prelident  fay?,  "  lliough 

■  •tilijjeiii  enqtiify  was  made  during  llie  !a(l  autumn,  no  inforroa- 

■tioa  of  imporlBiicc  relative  ro  liie  origin  or  the  progref*  of  the 

tl^he  could  be  oblained  !  this  is  not  lu  be  wondered  at,  for  u 

ho  nne  of  ifie  perfons  appticrl  to  had  any  knowledge  of  lh« 

Teal  caajt  of  riie  malady,   none  of   Ihem  could  direfl  their 

curiofily  io   Ihe  rtal  channel.      No-j;  tluil  in  nature  and  cau/e 

Juae  been  rtplainetl.    wc  may  realbnably  expeft  that  a  few 

-yeori  will  produce  an  inicrening  collcflion  of  fifli  and  ob- 

fervaliuni,  and  we  may  hope  ihat  fome  progref&  will  be  made 

towards  Ihe  very  defirable  atliinmcnt  of  eiliier  a  preventive 

«r  a  cure."  page  1 1. 

'     Having  thus  advanced  In  tlie  examination  as  far  ai  IhcCountrriuma 

feafon  wWuld  afford,  I  thought  it  would  be  bell  to  afcerlain  in  °^^*'^=^"'' 

the  coonly  in  which  I  happened  to  be  placed,    the   lermi 

(rnlirely   overlooked   io   the  pamphlet)   tlieru   applied   to  the 

clifltb^t  difeafcs  of  corn  ;  and  here  il  foon  appeared  that  the 

lerms  are  not  univerfal. 

'    The  lird  blight  (for  there  are  many)  is  that  early  appear-  Firll  bl!(ht;  v 

ancft  of  Inlirely  decayed   ears,    of  plants  apparently   in  «  ™^j'bTb.''4ibri« 

healthy  Hale,  but  which,  in  the  cmbrit)  which  lays  within  ihegtain  ii  turno4 

upper  flieath,  before  the  ear  ii  devel loped,  has  turned  to  »'"?•**"- 

bfovvn  puce- coloured  powder.  This  by  fume  has  bcenfuppofed 

to  originate  rtiim  <lef<;£)ivu  feed,  but  furely  Improperly ;  for 

•nany  of  thefe  ears  are  found  to  be  the  fineft  and  largeli  in  the 

field  in  their  embrio  flale;  and  to  me  it  feems  evident,  that 

tfiPv  are  imperlefl  from  a  really  ddisdive  parturition,  owing 

lo  ((imc  accidenla!  clrcuraftance ;  or  poUibly  (for  they  generally 

ilacid  below  Ihc  others)  Irom  the  want  of  fun  to  unclofe  Ihe 

uypt:i  (licalh  at  a  critical  moment. 

.    Thefe  ears  are  alfo  in  general  found  lo  be  crooked  at  the  The  nn  va 

root  of  the  ear  (laik,  owing  lo  ihe  effort  to  raife  llie  ear  afling  «'"^[jo^™'(Jjjf 

within  the  (bealh  on  a  decayed  and  mouldy  ear ;  but  it  appejit 

thai  ihey  are  all  al  length  cjecied  from  the  Ihealh,  and  ihe 

Vc""i  dun  blown  comp!eatly  away,   fo  that  Ihe   Halk  at  laft 

remains  wilhouta  Tingle  grain  on  it.  Handing  up  like  a  bare  and 

barren  pole.     In  this  manner  manyears  at  firft  perifh,  but  the 

quantity  Ii  Icldoia  any  object  lo  the  farmer. 

-    Of  the  puce-coloured  powder  a  quantity  was  colleSed:  itAppnnnceef 

bad  no  fmell.  but  lell  foft  to  the  touch,  like  whiting,   though  ^^^''^'^V" 

more  greafy,     .'\n  attempt  wii  made  to  Innoculate  a  number  infca^in. 

-.  .  L2  flf 
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The  firft  blight 
does  not  arife 
fiom  an  exter* 


Second  ^feafe* 
Smut.  Full 
grainsi  contain- 
ic^  oolf  a  dark 
powder  of  A 
fifty  finelU 


Mecfianic:dio< 
jury  did  not 
produce  tbii 
difeafe* 
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of  other  found  ears  with  it;  by  Tabbing  it  on  the  leaves,  bf 
giving  friAion  to  the  firaw  itfelf  with  it«  by  inferting  it  toto 
the  earif  by  placing  it  beneath  the  flieatbs^  and  lafily.  by  m» 
troducing  it  into  the'pith  of  feveral  draws, — each  of  tbefe  is 
wet  and  dry  weather,  but  nothing  took  any  efied.  It  Ml 
harmlefs :-— but  one  difcovery  arofe  from  examining  the  earn 
in  which  it  was  produced,  viz.  that  corn  is  capable  of  being 
completely  blighted  without  any  external  difeafe  or  applies 
iion*  For  all  the  draws  were  without  blemifh  as  well  wa  the 
leaves,  and  confequently  we  have  no  occafion  to  recur  t6 
external  cantes  for  this  internal  decompofition. 

Wheat  in  this  date  I  drew  very  accurately,  and  feat  fpeci^ 
mens  of  it  to  town  in  this  condition  to  Mr.  Nicholfon ;  and 
thus  ended  the  fixQ.  blight  as  it  is  called  in  Soroerfetlhire,<  bat 
which  might  poffibly  be  with  more  propriety  termed  the 
mildew. 

The  next  difeafe  appears  in  thofe  ears  which  ftand  erefi  and 
daring,  indicating  their  lightnefs  by  their  attitude.  Althoagh 
on  gathering  they  appear  full  of  corn,  they  turn  out  in  eSefi 
to  be  full  of  a  dark  powder  that  has  the  fmett  of  dale  lobften 
or  (hrimps,  when  preflM  between  the  fingers.  This  powdef 
on  examination  by  the  microfcope  fiiews  fome  faccharine  con* 
cretions  among  it,  but  it  has  none  of  the  adual  properties  of 
wheat.  Upon  carefully  examining  thefe  grains  the  outer  ikin 
was  difcovered  to  be  intirCf  unperforated,  petfeSify  green,  and 
ferfidUyfuU ; — yet  drange  to  teli,  if  it  be  not  really  the  work 
of  infefts,  one  half  of  an  ear  was  often  found  to  be  thus 
fmutly  while  the  other  half  was  found. 

Among  other  conje<Stures,  it  was  thought  that  this  fmntty 
difeafe  might  arife  from  the  juices  of  the  draw  being  inter* 
cepted  by  accidents.  In  order  therefore  to  try  what  could  be 
ededed  by  injuries  done  to  the  fap,  I  bound  fome  ears^ 
wounded  others  by  preiTure,  divided  fome  with  a  knife  near 
the  dem,  marking  each  by  cutting  off  the  beards  with  fciflars; 
yet  I  never  found  any  fuch  effedl  produced,  as  either  fmut> 
or  even  decay,  and  all  the  ears  thus  injured  came  very  well  to 
maturity.  Here  were  real  injuries,  and  committed  at  a  time 
(June)  when  the  ears  were  by  no  means  far  ad^'anced,  and 
this  led  me  dill  lefs  to  cxpc6l  any  great  efk€t  from  a  little 
parlia]  mois  adhering  to  the  dem,  the  accidental  edeAs  of  tha 
^eafon  at  a  later  period. 

3  At 
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-    At  length  on  ihe  fit  or  AuguO,  !  few  id  »  low  (icH  lheTh;rfd!1bfci  - 
firfl  Bppesrance  ol  yellow  rod,  but  colleaed  one  wilh  dif- ''«'** 
licully  ;  aod  now  I  found  Iliat  it  was  univeHally  sgmd  by  Our 
farmer*,  (hat  tliis  Tungus,  as  our  pkle  dercribc)  il,  wascon- ""■■<'°'cdu 
filtered  at  (he  effrA  of  fogs  or  greal  humidily,  which  fiffi  humiirj. 
SllBcks  ihe  \ettf  or  Ihealh  of  Ihe  ftiaw,  but  uUimately  penc- 
(ratei,  and  vegclales  on  die  upper  joint  of  the  draw  ilfetf, 
where  it  is  uncoveredjult  before  (he corn  is  ripe.  To  that  whmt 
our  plate  ethibiit  is  by  all  ngieed  to  be  called  the  rujl  in  all 
flagei;  but  that  t!ie  ru<l  caufes  the  latter  blight,  or  ears  wilh 
flirivelled  grains  does  not  feem  lo  be  To  generally  agreed. 

To   prevent  llic  jniur,    our  farmers  fteep  their  wheat  tnTbc  proteliaf 
fall  water,  in  order  to  feparate  the  found  grains  from  ihvlighlor  "^'"e  «""■* 
blighted  better  than  by  freth  water,  becaale  fait  water  naturally  tht  butiell  /or 
fioalBall  but  the  heavieft.     In  the  Vcnetitm  fiate  1  remeoibei'"''' 
they  added  fallpetre  to  Ihe  fleep  on  the  fame  principle,  a  very 
difl^rent  fyfteiu  from  ihat  of  Sir  Jofepb,  who  recommends,  I 
tliiiik  very  dangeroufly,  the  ufe  even  of  tailings  as  feed,  and 
tliis  on  mere  hot  houfc  experience,  fee  p.  25  (or  2'J2  Journal.) 

An  old  and  good  farmer  "  laft  year  at  Wefian,  bought  good  smutty  iwia 
wheat  for  feed  becaufe  his  own  was Jinuliy,  but  not  having  ""'"*'''  f* 
quite  enough,  he  fawed  about  three  pecks  of  his  own  fmattyycifaroffuc. 
wheat  lo  finifli,  and  it  turned  out  quite  as  good  wheat  as  rome'<:°^<d' 
of  that  which  was  bought  as  the  bed ;  yet  this  does  not  con- 
firm thedoftiinc,  I  think. 

Having  thus  afceriaincd  what  is  called  the  early  blight  or 
mildcv},  together  wilh  that  which  follows,  and  is  known  by  the 
term  Jinut,  and  alfo  the  difcafe  which  comes  next,  and  being 
fimiUr  lo  Sir  Jofiph's  Banks's  plate,  is  called  rvji,  and  lafily  Uwr  bllihi;  ar 
Ihe  tutur  blight  which  is  fcen  in  merely  ftirivclled  grains,  or  ""'"""li™". 
grain*  imperleflly  ripened  ; — I  lliall  now  proceed  to  ihe  fped- 
mens  which  i  gathered  in  all  (he  ftales  made  drawings  of 
Ihem,  and  Hill  retain  in  the  ear  labelled  wilh  great  care,  ai 
proofs  of  what  is  bete  advanced ;  aJier  wbich  i  Ihall  tssAx 
Ibme  dedu^ions. 

On2-2ndof  July,  1S05.     I  began  my  colleaionj  and  No.  I.  Accoiinti  of 
contain*  healthy  cars,  clean  lo  outward  appearance,  thftlo*efl  'j;^hi7i"gahHBd 
leaf  a  fpei  k  or  two  of  fungus.     Second  joint  from  the  head  ^  m  ihit  tn^Hirr, 
liltlc  rcddilh.     No  bloom  on  the  cane. 

*  Mr.  Oakley  of  W«fton-Supra-Mare.  < 
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AfiGMflti  9t  No.  2.  Much  direifed  ftraw,  bloom  or  moald  oiider  'Oit 

2h^t^hfred  *^*^»  ■"'^  °"  *^*  '**f5  '"  Otter  refpcas  the  ftraw  quit^  sf 
lA  chiioicfurj.  lietkhy  and  found  as  No.  U 

No.  3.  Entirely  difeafed,  yet  every  g^ain  full  and  of  i(f 
proper  fij;e--foo)e  grai^is  evidently  opened  at  their  fides  bj 
fome  linaH  infeQ.  The  outiide  of  this  ear  qoite  green  .an4 
healthy^  not  even  a  fpot,  fmell  of  the  ear  very  filby^  bo( 
wanting  ope  grain.  The  head  ftalk  not  even  waved  at  Ihf 
ear,  root  intire,  upper  flalh:  a  little  yellow. 

^o,  4(.  4  healthy  ear  of  the  bearded,  thirteen  rows  of  grains^ 
*  draw  mouldy  under  the  Qieath,  and  at  joints,  yet  found,  laQ 

or  upper  joint  green. 

No.  5.  Another  nearly  {iioilar. 

No.  6.  A  double  firaw  to  one  root,  both  ears  per$^  botli 
flraight  at  head  ^alky  both  difeafed,  yet  full  and  plomp.^ 
fome  grainii  found  yet  green,  and  clofe  to  a  black  one ;  a  ric^ 
golden  coloured  mofs  or  dull  at  the  back  of  the  green  ooat^ 
yet  the  grain  coat  perfeflly  green  and  u^injured^  while  the 
grain  was  compleatly  full  of  the  black  fiOiy-faielling  blighf 
inflead  of  flour.  Straws  green  at  the  top  and  quite  healthy 
throughout. 

No.  7.  A  flraw  that  having  been  blighted  in  Ihe  (heath  by 
the  early  blight,  had  thrown  off  all  its  brown  duR,  anri  growi) 
to  a  flrong  draw :  The  fkeleton  of  the  ear  only  reroainini^, 
very  crooked  near  thie  ear :  The  upper  Halk  evidently  by  its 
purple  ilripes  difeafed  under  the  (kin,  }et  no  mofs  or  fungus 

Jrotruded  on  the  cane;  dripping  back  the  (irfl  leaf  from  the 
ead,  I  found  the  powder  from  the  ear  had  adhered  to  the 
firaw  under  the  (^eath,  and  that  it  was  mouldy  :  7*he  fecond 
joint  quite  healthy  under  the  leaf,  but  with  the  red  and  purple 
fireaks  where  uncovered  to  the  light :  The  third  joint  tlie 
lame :   The  (heath  leaves  themfelves  healthy. 

No.  8.  Spotted  ear  externally,  found  (traw,  yet  having 
black  duft  at  the  joints,  in  this  ear  I  found  a  maggot  about  the 
30th  part  of  an  inch  long,  of  the  exafl  yellow  of  the  powder 
found  behind  tlie  difeafed  grains,  (that  powder  may  be  hit 
excrement)  viz.  orange  yellow,  his  form  refembled  the  maggot 
of  nuts,  lived  an  hour  on  the  table. 

No.  9.  Difeafed  ear,  grains  all  blighted  yet  no  yellow 
powder  under  the  (heaths  of  the  grains,   draw  healthy,  ear 
S(hy  fmell. 
•      •  No.  10. 
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Vo.  10.  Dido  wiih  ftD  in(ti&  very  a&'nc  m  the  ear,  yellow, 

fee  dialing  A  B.  Fig.  I.  Plate  IX. 

No.  II.  Two  peifeaiy  licalthy  eat)  from  ihe  fame  root, 

both  healthy  throughoui,  yet  on   (he  leaf  a  Tpeclc  or  two  of 

£ir  Jofepl)'*  r<in];us  was  originated,  and  well  grown:  it  waa 

of  the  orange  colour. 

No.  V2.  An  ear  fall  ripening,  (olid  in  the  grain,  yet  had 

]oft  ill  firft  fix  lower  grains,  bll  joint  green,  beards  yellow,  a 

lew  fpol)  on   llie  fhcalh  of  the  grain,  jeemingly  occalioned 

by  «  fmall  black  fly  found  in  it. 

Oijirvations  made  on  the  fame  Dai/  on  Grniru. 
Cifeafed  grains  were  always  found  to  be  full  and  plump  with- Diftafed  gi 
out  any  aperture ;  ilie  fine  (kin  that  holds  the  flour  very  green,  ^'°"^^' 
^etall  black  within;  the  eKtemal  furface  of  the  black  mailer 
'jCOrercd  with  a  white    concretion,    perhapi  the  facchartne 
natter  of  the  wheat.     Sound  grains  found   in  difeafed  ears, 
»U  lliedtfeafed  eari  fmelt  fithy. 

Obfervatiomi  made  an  the  Straw, 

The  difeafe  always  adacks  ihe  portion  of  the  flranr  Uial  Dir»rEi)  tam, 
peeps  beyond  the  (heath  leaf  near  the  joint,  and  evidently 
commences  at  Ihe  pores,  as  old  fliawi  will  Iliew;  but  the 
fungus  cannot,  I  think,  be  the  caufe  of  the  diTeafe;  becaufc 
where  no  fungi  have  taken  root,  the  corn  is  complcally  cor* 
rupled.  Thefe  fungi  grow  It  is  true,  fallell  on  difeafed  eatif 
probably  becaufc  wlien  l!ic  ear  is  difeafed  it  draws  leli  humi* 
dity  from  the  draw,  (o  (hat  the  difeafed  cats  feem  lu  affift  the 
growth  of  the  fungi,  no!  Ihe  fungi  ihe  chfeafe.  In  fafl,  I 
fcelieve  they  live  un  ihc  fliperOuous  moidure  of  the  flraw,  ol 
lelurning  fap. 

On  the  CTtli  July  laft,  180^.     I  cvamined  at  leaR  twenty  Slighted  a,., 
Highled  ears  of  corn,  and  could  only  find  one  a[nong  them  '*'' •'T"" """ 
that  had  the  fmaDed  degree  of  rufi,  and  that  only  a  fpeck' 
or  two  on  the  lower  leaf  iliat  (heaths  the  Ihird  joinL     The 
fpots  were  orange  colour  and  deep  purple,  and  (jid  not  opcnpy 
Iialf  the   diameter  of  a*  fpace  of  three  inches  long. 

tJpon  again  examining  many  hcalihtf  piaals,  I  found  not  Hcilthy  plant* 
only  their  Dieath  leaves,  but  even  Uie  flraw  ealen  sway  by  ?'""'^'^^"*r 
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ilMoe  infeA,  md  at  the  fame  time  dilbovered  ebeiidtfliMef  the 
green  iocaft  like  infect  on  tbe  ears;  of  which,  fee  them^MM 
defign.  Fig.  2.  Plate  IX. 
Inoculated  Sone.planti  that  I  had  lately  innoculated  were  ftill  foniMk 

^eVt  ir^frcd    ^^"  ^^*^  ^  ^^^  pinched  aM  bruifed  in  the  apper  joint  (hewad 
by  Tioience,       DO  alteration,  but  in  all  refpedi  refembled  the  moft  hvaHhy.  ' 
took  no  difeafe.      y^og  3rd,  1805,    I  vreat.to  a  field  of  Mr.  Oakley^  o 
vri^ch  havr^he  W^^on,  where  tbe  wheat  bad  a  general  good  «Tpcd  5  mvk 
ftraw  and  the     fd^dtod  and  labelled,  .of  eiMrt  green  yet  full. 

Ome  (heal'ch y  or      ^^*  ' '  ^^und  ears  with  difeafed  ilraw». 
diicaied]  fUte.        No.  2.  Complcatly  fmutty  ears  with  found  Araws  in  every 
refpcdt.  • 

No.  3«  A  fmutty  and  a  found  ear  from  the  fane  noU  The 
found  ear  bad  a  fpeck  of  fungus. 

No.4u  Ears  with  crooked  tops,  others  twifled  by  fpideo; 
.Others  with  qrooked  beards,  fliort  (laiks  and  longi  yet  all  o^ 
tbcm  full  of  gr^,  grei^n  and  found. 

No.  5,  Ears  half  fmutly,  vis.  on  one  fide  aliihe  my  up*, 
f  No.  6.  Ears  half  (lagged,  (ftagged  means  here  thofe  that 

ibew  only  the  (keleton.  of  tlw  eac  and  the  crooked  upper 
ilalk  from  early  blight,  all  but  the  bare  poles  bdng  Uewn 
away)  thcfe  ears  were  hdlf  flagged  and  half  covered  with 
grains. 

No.  7.  Bare  ji^gg^  but  with  quite  fine  found  draw. 

Other  inftanccs      Laftly  ;  in  Augufl  and  September,  1805,  at  Alkombe  near 

with rufty  ftraw;  Minehead,  I  colleded  out  of  a  field  juft  reaped,  two  bundles 

and  ihri veiled     which  with  all  the  Others  I  dill  keep  as  proofs  of  my  afler- 

found/bli.      ^*»^"*=   One  all  of  found  wheat  with  all   their  upper  flalks 

very  much  covered  with  the  ruA  of  Sir  Jofeph  Bank's  defcrip- 

tion,  and  the  other  all  of  black  and  (lirivclled  ears,  yet  all 

found  in  the  upper  ftalk. 

The  fhrivelled        Thefe  latter  mentioned  ftalks,  I  think,  throw  great  light  on 

fairly  ripened.     ^Y  ^^^^i^^^^  conjedures  drawn  from  every  obfcrvatibn  through 

tbe  whole  feafon;  viz.  they  preft:nt  (hrivelled,  blighted  grains^ 

and  exhibit  (hort  ears,    becaufe  on  examination  they  were 

evidently  never  fufficiently  expofed  to  light  and  heat :  for  all 

their  flraws  though  clean  were  green,   not  yellow  as  tboff 

of  ripe  wheat  ought  to  be,  and  their  finoaky  miferable  ap« 

pearance  (not  having  the  lead  fmcll  of  the  H  fliy  fmutt)  could 

only  arife  from  their  humble  fituation   below  the  other  ears, 

where  air,  fun,  and  light  was  deficient ;  in  hB,  they  never 

ripened  properly.     The  flraw  remained  green,  and  I  he  fap 

probably 
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-pnA^y  tHunwd  inflM^  c(  being  intercepted  by  ihe  drying 
of  the  upper  joint :  and  to  me  il  now  appears  lo  be  a  (ttt 
mDJeSufe,  tlial  vvhai  ii  generally  called  bligliled  corn,  « What  ii  cjlel 
ihtth  ear*  thai  pioJuci?  fo  many  flwivelled  grsin*.  «nd  "hiclicJ^"^  ht'eom 
■w«  are  called  upon  In  Ti^k  a  remedy  for,  is  noihJiig  mote  Ihsnp.emjdnriy 
'the  effsA  of  a  praflice  of  lale  much  recommended,  viz.  to'"''^^'  "•"" 
-m^  rirrly,  a  praflice  not  only  promoted  by  the  Miller,  who  iitantc. 
eager  for  the  new  corn  tu  conic  lo  market,  but  by  the  avarice 
of  the  Fanner,  wha  l«Brs  that  l>y  l«lluig  it  Hand  loo  long  the 
grain  may  fail  in   price,  and  reduce  hit  prolils ;   and,  what  is 
iiill  more  unforlunate,  by  Ibme  agricultural  writers  of  great 
reputation,    who  recommend  it  ss  flopping  the  progrels  of 
thn  ruft,  fbr^ltng  that  the  fun  only  can  effefliially  deflroy 
that  fuppofe.l  evil,  by  well  drying  the  flraw. 

]f»i  be  it  from  the  writer  of  ibefe  feft  remarkt  lo  difcoursge  It  '''■  <iA«n  ad- 
«ity  altempl  al  faving  in  k  remarkably  wet  feafon,  or  in  re-^u,  ^  ^  "*^ 
maikab\y  wei  ruualiant,  wiieai  thai  ha«  palled  ihe  period 
ufually  produtlive  of  tipe  corn.  He  lindw*  that  In  cafc«  of 
Uid-wbcat  in  Ihady  tiliiation!,  by  reaping  il  early,  we  may 
accelerate  the  ripening  of  that  which  otlieiwife  would  out  have 
ripened  at  all,  by  litu  operation  of  turning  and  expollng  the 
ftieaves  to  the  fun,  and  fo  make  good  faving  crops";  bat  what 
he  wifhes  lo  guard  againll  is,  (bat  eagcrnefs  for  pulling  in  the 
fickle  originating  in  the  motiven  belor e  alledged  ;  for.  reafon-Argumtnt  In 
ingfiom  analogy  du  we  not  aJways  find,  thai  ia  all  oilier  'eed»j.^'"^'  " 
that  are  lo  be  gathered,  tltofc  alone  are  plump,  found,  and 
full  of  their  proper  Qour,  that  are  Iiifli.Ted  to  receive  the  ulmofl 
influence  of  the  fun  while  on  the  (lalk  ;  and  he  always  thought 
«Mny  yrnrs  ago,  thai  wc  tvere  in  the  habit  of  boiiig  loo  (earful 
nt'  the  latter  feafoivs;  it  it  true  that  late  harvelts  arecKpenltve 
in  coUcfling,  but  they  arc  getiaraily  weU  matured,  and  the 
inflanceof  barltj/  thai  may  be  well  faved  (for  colour  can  hive 
Httiv  to  do  with  tho  intrindc  value  of  gram)  even  at  late  oi 
November,  prove*  ihe  juflice  of  the  obfervalioii ;  fruit  galher- 
«l  loo  fooo,  difappoint!!  nil  view  of  profit  or  picafure,  and 
wa  might,  he  think*,  as  well  altribnie  the  (hrivcllioK  of  our 
apples  early  gailiered  to  ihe  influence  of  tho  apple-tree  mofs, 
34  ihe  (hrivelling  of  our  grains  of  wTieat  lo  a  fuppofed  blight 
originating  in  the  fungufes,  that  have  of  late  fo  much  alarmed 
the  theoretical  agriculturifls,  an.l  o:conomifl5  of  our  day. 

On 
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CoBciufion.  On  the  fads  expofed  I  coold  greatly  enlarge  but  I  think 

op  all  4ccoutiU  it  is  beft  at  prefent  to  ofier  them  in  thair 
prefenl  form  to  the  reafoning  faculties  of  your  readen.  At 
miy  rate  they  may  ferve  as  dgta»  and  if  they  QiOtt)d  bit  to 
'  bring  otliers  lo  n^y  opiDion,  may  adi,  I  truft,  «s  aMil  Ammh 
l^nts  to  the  furlb^  iovpfligatioo  of  s  very  curioiis  Myeft  qf 
enquiry,  as  to  wh^t  are  the  picture  of  Mie  enenM^  tp  thepec- 
fedlion  of j)qr  wh^  harvefl. 

With  refpeft  and  efteem^ 

lam,  Sir^ 

Your  mod  obedient  bumble  Servant^ 

G.  CUMBERLAND, 


ne  vicinity  of      ^*  ^'  ^  Ought  to  obfervet  that  en  the'graips  of  whitet 

tmbarberryfiocs  near  the  barberry,  I  had  no  opportunity  of  making  dUenra* 

!£a^  ^        lions ;  but  that  I  have  a  dried  root  of  wheat  now  btti&e^  on 

which  there  are  above  100  flraws  tliat  are  all  cleAn  andTounda 

though  it  grew  a  few  yc^rs  ago  in  a  garden  where  barberry 

bufhes  were. 


— ~  ■'  ■      ■   ■■         «l         .  ■  Ty.j  .   .     ,f 

II. 

« 

Erperimental  Invefiigations  concerning  Heat.    By  BENjAMIIf 

COVNT    OF    RUMFORD,    V.P.If.S.    SfC. 

(Concluded  from  Page  75.) 

Sect.  III.  Experiments  tending  tojhew  that  Heat  is  communis 
catcd  i/irough  folid  Bodies^  by  a  Law  tofiick  is  ihejhme  as  thai 
xtihich  VioMenfuefrwn  Radiation  between  the  Particles, 

Objeft  d(  in«  xTIaVING  made  a  coniiderable  number  of  experiments  oq 
quiry ;  the  tawt  the  paffage  of  heat  through  fluids,  and  through  diflferent  fub* 
tion  ot'hcrtir  ^*"ces  in  the  ftate  of  powder,  I  was  curious  to  afcertain  tbe 
iolids*  laws  of  its  propagation  through  folid  (>odies,  particularly  me« 

taU. 

I  hoped  this  diCpoyery  would  furni(h  fome  additional  4afa« 
to  confirm  or  refute  the  opinions  \  had  adopted  concerning  heat 
and  its  manner  of  a6llng ;  and  it  will  be  feen  by  the  refults« 

that  my  expefiatipns  were  not  fruftrated. 

HaviD|[ 
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Hatinf;   procured   two  cylindrical    vpffels  of'lin,  each   C^Drftrif-'mn  of 
inches  in  diameler  and  fix  inches  high,  I  faflened  ihem  '"S^'xivucyiimitial 
(her  by  means  of  a  fulxl  cvjiudecoi  copper  Sk  inche<iIon|;  and  tin  TeiTch  wrn 
an  incli  and  half  in  diamt-k-r,  which  was  fised  horiiwnlHlly  lie-"""^'^  *'}  * 
Iween  Ihe  two  tin  ve-lii:l».     The  eslremuit!!  of  iho  cylinder' 
-paired  .thro ugh  ivrt*  holes  an  inch  and  hall"  in  diameter,  made 
for  the  purpofe  in  ll:e  fides  of  (he  vcfrels,  raidwaj  between  Ih? 
bolloin  a(id  lop,  and  were  foldered  fall  in  Utem,  .^-,^ 

Each  of  Uie  velTeli  wax  made  Oat  on  llic  &dc  where  [he  cop' 
per  cylinder  was  fallene<l,  h  ihal  llie  extrcmily  of  the  cylinder 
did  not  pcojeft  into  the  velTi:),  but  was  level  with  ibe  Qattened 
J>art. 

This  innrainent  was  fupported  at  llie  height  of  eight  incites 
and  half  above  ihc  table  on  wliich  il  Hood,  by  means  of  three 
htU  tivp  fixed  to  one  of  the  velTels,  and  nne  to  the  other. 

One  of  tltefe  vcSeh  being  Glled  tvilh  hoiling  water,  the  olh^rThc  niTcli  AIM 
with. water  at  Ihe  freezing  point;  aa  ll\a  Iwoeiitremiliesof  ihe""'"  w»Wi  o(i» 
cylinder  were  plated   in' imincdialc  conlaCt  with   Lhefe  IwoB^bc, «  j^*. 
malTes  of  flu^d,  a  change  of  temperature  muD  necefTarily  take  ' 
|>lai-e  by  degree?  in  ail  ihg  interior  parts  of  the  cvUnder.     for 
the  purpofe  of  o^ferving  this  change,  (hree  vertical  holes  wererhr  chingu 
made  in  the  cylinder,  into  which  were  introduced  the  bulbs  of^'""''  ^V  ''•"« 
Ihreo  fmall  mercurial  thermometers.     One  of  the  holes  was  intqu^i  iiftiaetsJ 
the  middle  of  tlie  cylinder;  the  oUicrs  midway  between  the 
centre'  and  either  ciitremilyl 

Each  fi(  lhefe  holes  is  four  lines  in  diam^r,  and  e[eveu 
lines  and  half  deep;  fu  that  the  bulbs  of  the  ihermomelers, 
which  are  l|irec  lines  in  diameter,  were  all  in  the  z^ls  of  Oie 

iVIien  Ijic  thermometers  were  ptit  in  their  places,  the  holes 
were  filled  with  mercury,  in  order  (o  facilitate  ihe  communi- 
cation of  heat  from  the  metal  to  ihc  bulb  of  ihe  thermometer. 

To  keep  the  hoi  u<4ier  cmllsntly  boiling,  a  fpirtl  lamp  wasThc  one  viter 
placed  beneath  the  velTel  conlaining  it ;  and  lo  keep  Ihe  cold  >'«F<  ^"-^'"t  l>r 
water  conllanliy  at  llie  temperature  of  roclling  ice,  frefli  por-'[h™ 'iu  tr 
tioni  of  ice  were  added  to  it  from  lime  lo  linie.  udJiuon  of  ice. 

The  thermometers  are  graduated  to  F^ihrenheit's  fcale,  the 
fr^'i-zing  point  being  marked   32°f  and  thai  of  boiling  water 

As  the  liiO  and  mof)  important  objefi  I  had  in  view  was,  (oTii 
leain  at  wliat  lemperalute  the  ihiee  tliermumeters  would  be.""'^* 

come  tiojufj. 


J 


156 


COUNT    HVMFORD's    NEW   BXVSKIMEVTf 


come  (lationsry,  I  did  not  very  carefully  notice  lift  fngttb 
of  the  thermometers  toward  this  point;  but  as  ibon  «s  they  sp* 
peared  nearly  ftalionary,  I  obferved  them  with  Ihefreatefttk 
tent  ion  for  near  half  an  hour. 
The  thermome-  To  diflingui(h  the  three  thermometen  I  (hall  caH|liat  aetreft 
teri  diftinguiih-  (he  boiling  water  £,  that  in  the  centre  C«  and  that  iMweft  tht 
cold  water  D. 


^perinient* 


The  following  are  the  progrefs  and  refultt  of  «n  experiiBent 
made  the  28(h  of  April,  1804,  the  temperature  of  the  ^  being 
78^  of  FahrenbeiU 


Tabahtie4  n- 

fulti.     ■• 


T'nie 

1 

Tempera- 
ture of  the 
hot  water. 

Tempers- 
tore  marked 
by  the  ther- 
mometer  B. 

Tempera- 
ture marked 
by  the  ther- 
mometer c. 

Tempera- 
ture «arked 
by  the  ther- 
mometer D. 

Q»ld  water. 

]     52 

s. 
]5 

Degrees. 
212 

Degrees, 
160 

Degreef. 
130 

105 

52 

—  53 

30 

— 

I60| 

131 

105^ 

— 

—  55 

— , 

161 

131^ 

106 

—. 

—  56 

30 

— 

161^ 

132 

106f 

— . 

—  58 

162 

132f 
132| 

107 

,— 

2      0 

0 

— 

162 

]07i 

107f 
I06|    . 
106 

. — 

—    I 

30 

-«. 

162 

133 

•-. 

—  4. 

—  6 

— 

162 
162 

132  J 
132 

— 

— .    9 

— 

J  62 

132| 

106| 

— 

—  11 

— 

162 

132^ 

ld6| 

— . 

—  28 

1 

— 

162 

132| 

106| 

— 

Account  of  the 
rrlults  that 
wiuld  have  foU 
Ituvcd  the  hypo- 
t1i(  fi<>  of  heat 
being  propagated 
through  bod'es 
by  radiation 
irom  particle  to 
particle. 

The  particles  of 
f  jlid  boiiiet  are 
di. '^ant  from 
each  other. 


Before  I  proceed  to  examine  more  minutely  the  refults  of  tliis 
experiment,  I  will  endeavour  to  (how  thofe  refults  which  it 
ought  to  have  exhibited,  on  tlie  fuppoiition  that  heat  is  propa- 
gated, even  in  the  interior  of  foltd  bodies,  by  radiations  ema- 
nating from  the  furfaces  of  the  particles  competing  thefe 
bodies. 

On  this  fuppofilion  wemuft  neceflfarily  con  (ider  the  par  tides 
that  com pofe  bodies  as  being *yi/>ar«/0/ro/»  each  other,  and  even 
to  pretty  confiderable  diftances  compared  with  the  diameteia 
of  ihefe  panicles;  but  there  is  nothing  repugnant  to  the  ad- 
mtiiion  of  this  fuppoiition ;  on  the  contrary,  there  are  many 
phenomena  which  apparently  indicate  that  all  the  folid  bodies 
with  which  we  are  acquainted  are  thus  formed. 

Tq 
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To  fe*  now  by  wlm  law  Ileal  would  be  propagated  in  »  folidl''  »<«  WJcy- 
cylinJer,  let  u»  roprefenl  ihe  axis  of  llii)  cylinder  by  a  riglir  ^^^^^  t^'u,'.,n(- 
line  A  E.  f/aK  VII.  Fig,  I  ;  {lee  our  laft  nomb*/)  and  lei  us  uat  p«i;el«, 
begin  witiifuppullnglliat  Ihe  (.'yiinder  conriD*  of  three  particles 
of  matter  only,  ACE,  placed  at  equal  diRanccs  in  that  line. 

Let  u*  farther  fuppofe,  that  the  exlremiiy  A  of  the  cylinder— ind  the  m< 
is  con  flan  iiy  at  the  lemperalure  of  boiling  water,  while  ■'*  L"!^"'"'^' 
Other  emtemity,  E,  remains  invafiably  at  Ihe  freraing  point.  frcilV"""- 

By  an  experiment,  of  which  I  have  already  given  an  ac-Pf""""- 
count  lo  the  clafi*.  I  found  [hat  whtn  two  equal  bodies,  A  B,  ^j^  pinidi; 
one  hotter  than   the  other,  are  ifolatcd  and  placed  oppofiie  "-^'uM  hue  the 
each  otiier.  the  inlenhlies  of  llietr  radiations  are  fuch,  that  a  J,mu^"^r^. 
third  body,  C,  placed  in  the  middle  of  the  fpace  that  feparaie'  a  body  miiiwiy 
them,  will  acquire  a  temperature  by  the  (imultaneous  b^'O"  |,[hcr'i"csXM 
of  Ihefe  radiationn,  which  will  be  an  arithmetical  mean  be-  the  meu  hut 
tween  thofe  of  liie  two  bodies  A  and  B.  ''''  '*''=''<"'■ 

From  the  rcfult  of  this  experiment  we  have  ground  to  con-  _or  iji*. 
etude,  thftf  if  Ihe  cylinder  were  compofed  of  three  particles 
of  matter  only.  A,  C,  E,  die  particle  C,  which  is  in  ttic  mid- 
dle of  the  C)linflcr,  roaA  neceflarily  iiave  the  arithmetical 
mean  lemperalure  belwiwn  that  of  A  and  Ibat  of  K,  wtiicii 
arc  at  the  two  extremities  of  the  cylinder ;  ihat  ia  to  lay,  be- 
tween Sli'andS'i'of  Fahrenbeii.  wliichis  122". 

Now  let  ui  idlerpofa  between  the  particles  A,  C,  and  E,  Suppnft  two 
two  other  particles  B  D,  and  lise  whethec  ihe  introduflion  "' JT'bt '^"k'^'j 
Ihefe  Iwo  particles  will  make  any  change  in  the  temperature 
of  the  particle  C  iliat  occupies  the  middle  of  the  cylinder. 

If  ihe  parliiile  B  be  placed  in  the  middle  of  ibe  Ipace  con-  Thcf:  vroulJ 
prifed  between  the  cxitcmity  A  uf  ihecyJinder  and  its  middle,'"   " 
C,  ii  ought  to  acq>\ir«  ft  mean  temperature  between  ihal  of  theamn  i,etw;ea 
extremity  A  of  the  cylinder,  and  that  of  the  point  C,  namely  '^'  m-'i'iie  p^f 
IhBI  of  167",  the  mean  between  3)2'   and  iOU";  and   it  ihc ^.c^nA  eni'pv 
particle  D  be  placed  in  ttiemiiljl  of  the  fpace  coraprifed  be-t'>^l<^i 
tw«eti   the  middle  of  the  cylinder  and  itsolii«reMr«niily,  E, 
this  particle  oui;hl  to  acqurro  a  mean  I  cm  peraluie  between 
Ibat  of  lite  middle  of  the  cylinder  and  ihat  of  it*  extremity  Ej 
itought  Ihen  to  have  the  tcmperatvire  of  77". 

From  this  new  arrangemeot,  the  particle  C,  (iluale  in  ihe'-""'  "''f'^"* 
middle  of  the  cylinder,  will  tind  for  its  neigiibours  on  one  fide, uet  die tenv 

Lpcrituic, 
•  Sec  oar  Jourutl,  IX.  ]S;. 
the 
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Uie  particle  B,  at  the  tern pcn&ture  of  167^,  and  oil  the  oilier 

the  particle  D,  at  that  oF  77^*    The  point  in  qittftion  isi  whe-= 

tlicr  the  preiencc  of  thefe  tvvo  particles  vriil  niakit  -An/  change 

ill  the  temperatureof  the  particle  C,  or  not*    -  .  r.  vi  • 

«-of  thztmiadis     In  the  firft  place  it  Is  evident,  that  if  the  ealorifiBrmflinoei' 

f^^^*  of  the  particle  B  on  Uie  partide  C  be  as  effioattioarte  healing 

it,  as  the  frigorific  influences  of  the  particle  H  be-in  eDoiiilg  it* 

the  temperature  of  the  partide  C  ought  not  tojw  ehkafed. 

But  experience  has  fliewoi  that,  at  equal  diflaaceti'«iidreqoil 

Intervals  of  temperature,  tlie  calorific  inflnences  of  liot  bodies, 

and  the  frigorific  influences  of  cdd  bodies^  are  exafllj  equal; 

and  as  thedifiance  from  B  to  C  is  equal  to  the  diftafljeeiirai  D 

to  C,  while  the  interval  of  temperaiare  betwees'Bvnd Ois 

45^  is  thefamc  as  that  between  D  and  0=45^;  k  irevidettt 

that  the  temperature  of  the  particle  Ct  which  is  ia  theifeiiridle 

of  the  cylinder,  can  be  no  way  aflfeded  by  the  utniiiiQiQii 

of  the  interntediatc  particles  B  and  D.  •'     -■  -  * 

And  by  the  fame      By  the  lame  way  of  reafoning  may  be  proved,  1hat-*the  in- 

icafon  it  would  trodufUon  of  an  indcfmlte  number  of  intermediate  pertidei 

not  be  changed  , «  ,  ...  ,-    .  • .« 

hy  other  parti,   would  produce  no  change  in  the  temperatnre  of  the  midaie  of 

del  intcrpofcd.   the  axis  of  the  cylinder,  or  in  any  part  of  it;  and  if  the  fiMro* 

dudion  uf  an  indefinite  number  of  intermediate  partidesmake 

no  cliuDge  ia  the  liale  of  a  thermometer  placed  in  the  middle 

of  the  axis  of  tiic  cylinder,  we  may  conclnde  that  the  ther- 

moiuetcr  would  remain  equally  (lationaryi  if -the  number  of 

intermediate  particles  were  increafed  till  they  had  that  proxi- 

mily  to  each  other  which  is  necelTary  to  conflitute  a  folid  body. 

If»  inftead  o(  a  iingle  row  of  particles  in  a  right  iiney  there 

were  a  bundle  compofed  of  an  indefinite  number  of  foch  rows 

placed  fide  by  fide,  forming  a  foiid  cylinder,  tbe  temperature 

in  the  diflerent  parts  of  the  line  A  £  would  remain  the  fame. 

But  the  temper.      From  this  rcalbning  we  may  infer,  tliat  the  temperatures  of 

■P""' °^  ?/''•""  the  different  parU  of  tlic  cylinder  (hould  decreafe  in  arilbmeti- 

tinued  folid  '  •*  .         r    i  i-     j 

ih'uld  decreafe  cal  progrelfion  from  one  extremity  of  the  cylinder  to  the  other. 
from  one  parti-  jjqj  [i  jg  evident,  that  this  law  of  decrement  of  temperature 
arithmetical  pro-  could  take  plaoe  only  in  the  fingle  cai'e  of  the  furfin^e  of  the 
gri'flion.  cylinder  being  completely  ifolated,  fo  as  to  be  no  way  affected 

only' when  the    ^^  *^®  a^on  of  furrounding  bodies,  which  is  ablblutely  im- 

fblid  is  remote     pofliblep 

VoSm!  ^^®  circumftanccs  under  which  the  experiments  were  made 

Ourexperiments  are  very  different  from  thofe  here  taken  for  granted.    The 

•re  aUays  thu,  j,^j„ 

Inluexicco* 


Ibdies  we  fubjeft  lo  esperirrenl  are  tonflantly  rurrouniJfd  on 
fides  by  Iheaif  srKlolherbodipuvhich  Bflon  airinftrumcnli 
^liDuaUy,  and  often  i»  a  vetj  perceptible  rtianntfr;  ami  we 
It  never  hope  lo  ifolaic  b  cylinder  focoraplelely  thai  the  ap- 
progrefs  of  h«t  in  iis  interior  fliall  pertepHbly  obey  (lie 
iw  webavejufldircovered.  in  common  <:af«  it  deviates  wide- 
f  from  ibitiUn. 

.A»  the  caufcs  of  ibis  deviation  are  well  known,  we  will  fee  Appreciation  of 
rbether  there  be  no  meani  of  appreciating  iheir  effefts.  t  e  f  c    . 

f  The  tiiiface  of  the  cylinder  being  furronnded  by  the  alfnof-  Ttie  stmofphert 
"-      --...,■  ,.      ,■  .  /■      .  jc       Will  jffcd  ibe 

cric  air  and  oilier  bodies  all  which  are  of  a  known  andlcn-  cylmdci 

ily  conllant  temperature,  we  may  delermine  the  comparative 
fec)j  of  thefc  bodiet  on  (he  different  parts  of  Ihc  furface  of 

In  ihofe  parts  of  the  cylinder  which  are  hotter  than  the  air  ; — by  moTini 
dotbcrrurrounding  bodief,  the  furface  of  the  ^j''"''*"' *"''' i,"j?'/'[f(^ 
JM  cooled  by  the  action  of  tliefe  bodies ;  but  if  one  of  the  ex-  put. 
mities  oi  llic  cylinrlcr  be  colder  ihdn  the  atmofpheric  air, 
»fe  parti  of  the  cyilndt'r  which  are  colder  than  the  circiiin- 
ibieal  fluid  will  be  hcatfdb\  iu  influence  and  ihat  of  thefur- 
ftHinding  bodies. 

t .  Wc  will  begin  with  examining  the  cafe  where  the  coldefl  'f  ""'  *"''■  . 
;tremilyof  ihc  cylinder  is  at  the  lame  temperature  a.»  the  fur-  t„  ,,  ,hc  (,,„- 
nninding  air.     Let  us  fuppofe  then,  that  the  experiment  with  ptriiurc  of  ihe 

hiig  waier  at  the  one  end  and  freezing  at  the  other  be  made  hocter' 
Ofliea  tbc  lempcraiure  of  the  air  u  at  the  freezing  point,  or  32" 
Fahrenheit. 

En  ihiacafe  it  i)  evident  that  the  furface  of  ihecylindermall the  tutFice 

:B«ery  where  be  eoottd  by  the  influence  of  the  furrouitdtng  at-  '"^     VT\^i 
teofpherv.     Tiie  queflion  then  is  to  delermine  the  comparative 
ieSe&.  or  the  rclkliie  qaantitie.1  of  refrigeration  or  lofsorhcal, 
Ibat  iDufi  like  place  iatht  different  partt  of  ilie  cylinder:  and  in 
the  firft  place  it  ii  clear,  thai  the  hotter  a  given  pan  of  the  cy> 
lindcr  i<,  liie  more  heat  it  null  lofe  in  a  given  time,  by  the  in- 
fuence  of  the  furroundiiig  cold  budie: ;  whence  we  may  cnn-  —but  moft  fj 
jchide,  that  Ibe  refrigeration  of  the  furlace  of  (he  cylinder  by  "'i*'*  '^=  '>=** 
llie  JnQuencc  of  the  air  and  other  furroundtng  cold  bodies  mufl 
Mcelfarily  diminilli  *rora  the  extremity  of  the  cylinder  A,  which 
in  coniaA  with  the  hot  water,  to  its  extremity  E,  which  U 
contact  with  the  cold. 

Fro  to 
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The  change  is  From  reafoning  which  appears  incontrovertible,  and  wfaicli 
in  P7"r^'^i^'»^  ^  ^i^Q  rcfults  of  a  great  number  oF  experiments  appwr  to  confirm, 
of  lempcracure.  i^  bas  been  concluded  that  the  celerity  with  i^hich  a  bot  bodjp 
placed  in  a  cold  medium  h  cooled,  is  always,  proportional  to 
the  ditFurence  bctvtreen  the  temperature  of  th«  llol  body  and 
that  of  the  medium.  Confidering  this  conchifion  M  cfisbUflwdy 
wc  may  determine  ::  priori  what  ought  to  be  the  gradatitMl  of 
temperatures  in  the  interior  of  a  given  folid  cylinder  fbrrounied 
by  air,  one  extremity  of  which  is  in  contad  with  a  oonfideia* 
bie  body  oij  boiling  water,  while  the  other  is  fimilarly  in  odd* 
tac)  with  cold. 

Wc  have  fccn  that,  if  the  furface  of  the  cylinder  weM|wr« 
fe6lly  ilblated,  the  decreafe  of  tempecature  from  Ibe  hotleft 
extremity  of  the  cylinder  A  to  its  other  extremity £,  wbich  li 
in  conlad  with  cold  water  would  be  tn  miihmeiic^  yrggfig^Bga, 
and  it  has  juil  been  fheivn,  that  the  decreafe  muft  neccftrilf 
be  accelerated  by  the  adion  of  the  air  and  other  farfDOndiag 
cold  bodies* 

But  the  deceleration  of  the  decreafe  of  temperature  in  thofii 
parts  of  the  cylinder  which  are  toward  the  cold  extremity,  de- 
pending on  tlie  action  of  the  air  and  furrounding  bodiesy  omft 
be  continually  diminifliing  in  proportion  a»  the  temperatare  of 
tiic  lurfacc  of  the  cylinder  approaches  nearer  and  nearer  tlut 
of  the  air ;  and  hence  we  may  conclude,  that  if  a  given  nam- 
bcr  uf  points  at  equal  diHance*;  from  each  other,  be  taken  in 
the  axis  of  the  cylinder,  tlie  temperatures  correfponding  with 
tho(c  points  will  he  in  geometrical progreffinn» 

We  may  rcprefent  tlie  progrefs  of  the  decreafe  of  temper- 
ature by /Vj^.  2.  7^/.  Vi  I. 

In  a  right  line  A  E,  reprefenting  the  axis  of  the  cylinder,  if 

thHoE -r?^^^     ^'^  *a^«  ^^^  ^^^^^  P°"'^»  ^'  ^  =*"^  ^»  ^^  ^**"'  ^***  diftances 
A  B,  B  C,  C  D,  and  D  K  (hall  be  equal ;  and,  ereding  the 

fliuacd?""  perpendiculars  A  F.  B  G,  C  H.  D  I,  E  K,  take  A  F=  the  tern, 
peradire  of  the  cylinder  at  its  extremity  A,  BG=ils  tern- 
perature  at  the  point  H,  anJ  fo  of  the  rell ;  the  ordinates  A  F, 
B  (t,  &c.  will  be  in  geometrical  progrefllion,  while  iheir  cor. 
*  refponilirg  abfcilfes  are  in  aiithmetical  progreflion  ;  confe- 
quenily  the  curve  P  Q,  which  touches  the  extremities  of  all 
ihfUi  ordinates  muft  neceinir  iiy  be  the  iogarithmic  curve. 

Comparifonor         \Vc  will  now  fee,  whelh'.T  the  refults  of  experiment  agree 

the  ihcory  ..;  h  ^^i^j^  t|,^.  ^ij^j^jry  here^xliibitcd  or  not. 

the  expcrimciit.  '  rp 


Whence  the 
temperi^ture) 
will  be  'u\  gc- 
omrtric.il  pro- 
gicHion, 


—and  may  be 
refei 
log 

curve. 
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To  form  OUT  judgment  wiihesfe,  qnd  as  it  were  al  a  fingle 
lance,  of  Ok  igreement  of  our  Iheorjr  wiih  Ihe  rcfulli  of  llie 
Kpcrimeuf,  of  which  1  ^ave  an  account  at  (he  bt^gHining  of 
iit  memoir,  we  lisvc  only  to  tcgirefent  thefe  rcfulti  bv  a  fi- 
urein  (he  following  manner.  \ 

On  the  hofiaonUl  Ihic  At!,  ffff.  3.  teprefenling  the  axis  ofConftruaixi  of 
ie  cylinder  employed  in  Ih^-eliperirnenl,  we  will  take  ihrfee '^gV/Vc-^l!' 
wnU,  B,  C  and  D.;  oni-,  C^  m  (lie  middle  of  the  axis'  btihg  >nd  l»  oHiiutci 
m;  fitnallon  of  th,e  central  iherniumeter,  the  other  iwo.  B  ajid  ,Qu'il'i'*'*ebfcr^ 
I,  ftt  the  intermediate  paints  which  the  other  two  ihecno-ed. 
[eters  occupied  belwefn  the  middle  of  ihe  mlIi  and  ili  two 

([£(«au)g  ibeperpendicularf  A/,  Bz,Cli.Di,mAEk,  on 
points  A,  B.  C,  D  and  £;  and  taking  the  ordinate  A/= 
u  th«  tempeiBiuce  of  boiling  water;  Rg=\e2,  the  lem- 
itiuc indicated  by  ibeiherraomelerB;  CA==13'2f.  thelem< 
iliu«  iiidicaled  by  the  lltermomcler  C;  Di=IOi>|,  the 
(empcralurc  given  l>v  the  thermometer  D}  and   Idiltf.   E,k^  > 

i^M^rtbc  (cmperalure  of  water  mixid  with   pounded  iOe;  a  _^, 

.jDorvct  fQ,pAfiiaglhro\ig)iititepomU/,g,h,i,k,  oughttofaa  : 

lbs /vgan't'unic;  that  it,  fuppoiingilie  tempcraiur«af  ihefur* 
r»uu<linj(  au  to  be  cMDllantl}  al  |lie  temperalare  ol'  melling  ice 
duriog  ibe  eipernnent. 
O;    Bat  ihe  «iperimenl  in  quefiion  wat  made  wlien.  the  temper-  The  curve  hu  t 
Ituieof  the  ajr  WB^'  alTS-'f,  canrec|jcnl1y,  reclconing  ffO""  JjAj^u^"""* 
.certain  po^ni.  t^ken  io  the  length  of  ilie cylinder,  where  ihc 
KnpL-ialure  wai  at  78°,  lu  the  CKirvmity  h.  Ibe  influence  gf 
fiie  furiounding  air,  ifiAead  of  coaling,  the  (m(wx  qf  Ihe  cy- 
Boder,  tifu<(iiil-,  and  it  i<evitl(;nl,  that  the  ctirve  PQmufi 
kwoflflitf 'If  in  this  cafe  hav«  a  puini  of  inBttxiOn. 

In  fad  it  appaars  un  a  ijtnplc  infpcftion  of  llie  tigwe,  ibal  li  n  iTkevr'A 
^  curve  PQ  hat  a,  point  «l  inflexion  i  but  we  fee  kktwifiv""'^'"' 
'i^  tiiii  curve  is  not  logular.  That  branch. wliii:h  ii  oonc'av* 
(ward  ibe  axis  of  the. cylinder  ii  not  lio>iUrio(h«  adjoining 
Dlljon  of  th«  curve,  qf  equal  length,  wliipli  i*  convtn  toward 
lal  axis  i  as  it  ought  to  be  accniding.  l«  our  Ihno'y ;  and  even 
K  part  of  IhecutVQ  w^ich  ii  cimvm  ,lui»ar(l  llie  aiM  A.E, 
^^^iiilers  fetiQlil^  ((^m  the  logaiilbmic,  parttculMl^  toward  jtl 
.tteoiity  P. 

Il  ought  necelTarily  to  differ  from  'bU  ofvs,  oi/ar  atlHedf.  Tht  ii^vutfon  ji 
thermometers  are  d(/pfl«e;  bul  ihe  deliiation  be-  J^;^'^  ^^  J^ 
V«i.  XII.— NovKMBEB,  lti05.  M  tween ftfli of  tha- 
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twecij|lbc  wdin^tes  ,A/a^nsl  Bg,  Jodicaled  bj  tb«  tclulU  of| 
liie  c5<i>ei:iment  in  queftioo,  appcari  to  ma.rwjfili  ^^>p.<•^n^»l«■f 
able  to  be  arcribed  lo  the  impef  fcaioii  of  oui  ih^tmoipeie". 
I(  dlffirs  ere«ly     To  fee  how  f»r  ihe  curve  P  Q,  diffets  ((oi»  tlia  log«iihni«, 
frDio  the  lugii-  we  have  only  to  draw  a  lcigariU»ioic  PHtve  .1^5  ^iwpojh  "*i 
""■"«■  painUgandi,  and  we  HiaUSn^i  lhatlljft<>rdinat(!Sipoo-«fp'inJ'| 

jng.to  the  pointt  ,    .        •■  >  -j' 

A,  B,  ,e,j  D...  .' 
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InlfeBd  of  being 

Diflcrence     - 
The  very  ^reai 
a     aturenf  cold  walu 
"    exgierlmeni  for  Ihi 

ConUfi  Willi  this  w.- 


-■.'■15         f)  -IJ  O   -t-V 

difference  lha(  exlBs  between  iho  (em 
id  lliai  indicaled  by  Mie  reTolls'  of  ft 
(maily  of  tlie  cylinder  wliidi  wi 
,   led  me  to  fufpc^,   lliat  ifwM   oi 
to  the  ((lialily  poltulTcd  by  water  in  cotnmoti  with  vlher  ft 
which  renders  it  a  vtry  bid  cmdnflnr  of  liait. 
,,.        W  it  be  true,  as  1  believe  I  have  elfcwhere  proved,  t 
cold  there  is  no  Teniibte  com niiini cation  of  liwt  between 
""  cent  particles  Af  a  fliil,!,  fcm  one  to  another;  and  lhatKe>ti| 
-  prQpogated  through  fluids  onlyTO  confeqacnce  of  «  b 
Iheir  particlea,  refuliing  from  a  chsil^?  inthdr  fpccific gra*ilU 
occa(iorn>d  hy  Iheir  being  healed  or  cSipJ<'!l=   **  ll     " 
gravity  of  waler  is  vefy  lilllc  aliercd  bXan  inconfiifc 
rbange  of  temp? rature  when  lliis  fluid  is  j^  ibe  f« 
poinl,  il  might  have  been  (brefecn,   (hat  a  foli>]  body  a 
- 'healed;  and  filiinged  into  cold  water,  tvould    M^^veryflw 
:'>  eoofed;  . 

The  refult  of  the  following  experiment,  which  I  dH"*  " 

" »viewt6elaridaie(hi-i  point,  will  put  the  faflout  of  il^' 

Whenihtto«'     Thethreclhermomeieri  being  (lalionary,  one,  B,  »t*r 
u'rti'n^".h^''^''"  '**^"'''  '^'  ^'   'S^i*'  a""!  'I'e  "i'f''.  D,  at  \06^°\ 
thtnuomde'r  *•*«■  i"  CoWsfl  wilh  One  of  lh#  eiillremiliciflf-rtij'eyli J 
.tirbeing  ftitl  boding,  while  the  wat«r  iftiKt^l  wifli  poQlMM  i 
which  vvaiinvoiiiaa  with  the  01h«reKlr«miiy,  wuontifKq 
■i«*ttw«  l?mp*«are'of  (netting  ic^;  ib*^ginV«tlirtbit 
iWf.«^aMd  water  pwiy  brtfkly  wilh  \  ffitle  Rick,  aw 
linued  to  (iir  it  iiiiintcngpiedlj,  a.id  wilh  the  faiOM  v 
'■-■'fa*iiwi>an*tt»nify  tnirta(e»,      "  ■       ..;t;."-,    i  ■  .  ;.. 
-. .    J  a«F>«barteI).|kgBhi^Mi  liperdf«W,<"«>)i«h  Ihttft.i*  j 


L^ 
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OM    HEAT    Atta    LIGHT.  '  {^ 

uikf  my  conjefluTe*  were  well  foiinded.  The  mercary  in  tlie 
three  ihermomft1«ntmmedialely  be^n  lo defcend,  snd  did  not 
flop  rill  jt  had  tiilfen  vwy  confirfflrablj-. 

Ttw  ihwmorooler  B  fell  from  162"  to  152°;  G  from  [S2i«  QHWiiilwrf- 
tollli',   .wiDfr<m.!06pto73r  '"^''^"• 

On  comparing  lllefe  numbers  we  find.  Ihat,  in  cnnfcquence 
ot  llic  ajflialion  o(  llie  culd  water  (or  iwd  and  Iwenly  minule:), 
,liie  (hermonieler  B  tell  10°  of  Fahrenheii's  Icale,  ihe  ilierino 
nsttr  C  21*.  and  ihe  thermomcler  D  23". 

Ai  foon  ai  1  had  ceafed  (o  flir  the  cold  waler,  (he  three 
theriuumelers  bc-gan  lo  rife,  and  at  ibe  end  ol'  a  quarter  iif  an 
lioiir  (hey  l^ad  all  readied  ibe  points  from  which  tliey  let  out 
iit  the  beginniug  ol'  ihi»  operation. 

To  iacililale  the  coinparifon  of  the  refultii  or  thefu  two  ex-  D! 
^  feiimenU,  one  made  with  cold  waler  at  reft,   the  otber  "''hP|^^|^"''*'* 
the  fame  water  in  a  Rate  of  conllant  agitation,  I  have  lepre- 
fented  (hem  in  Fig.  4. 

Id  ibe  fifft  pbce  we  (hall  learn  feveral  very  intercfting  fafli  Obftrritlom 
hy  firaple  infpeaion  of  this  figure;   we  fliall  fee,  ift.  that  liie"i^[[^'  "^ 
progrefi  of  refrigeration,  or,  to  fpeak  more  properly,  the  de- 
fre^'e qf' ttntperaCvrt,  was  every  where  much  more  rapid,  when 
the  cold  waier  in  conlaCl  wiih  the  extremity  of  the  cylindei  E 
was  agitated  when  it  was  at  reft. 

2dly.  That  (he  exlremity  of  the  cylinder  in  contaft  wllh 
lyaler  was  conflantly  near  30"  colder  in  the  full  cafe  than 
ijin  tlie  fecond. 

Sdly.  We  Iliall  fee,  (bat  the  progrets  of  refrigeration  »*aa 
l«very  where,  and  in  both  the  experiments  liich  nearly  as.our 
theory  points  out. 

The  decreafe  of  tempctaturc  toward  the  middle  of  Iba  cy- 

[oder  was  fo  regular,  that  it  is  more  than  probable  the  appa- 

irregi^latitics  toward  Ihe  two  exireinilies  were  occasioned 

ly  by  Ihe  diiricii!(y  which  a  body  of  water  finds  in  comniu- 

iting  i(s  mean  temperature  lo  a  folidi  wilb  which  it  is  in 

^/fn'The  boiling  water  being  in  continual  motion  owing  to  lis  Agiut^n  io- 
^fV'iTi^Jiiion,  it  bad  a  great  advantage  over  the  cold  water,  which  J"'*^"* '^*  *f^*. 
I /'W"-**  reft,  in  cowmanicaiing  ils  leraperature  lo  (be  cxtre- i^^,''f,i|''i£^".'' 
;loei'}''r  vf  ibe  (ylioder  it  toocbcdi  but  1  have  found,  uolwith- '"!■''■ 
J'  ding  ibis,  that  by  agitating  the  boiling  water  ftrongly  with 

pf*''  aill,  and  parlicularly  when  wiib  the  (juill  J  made  a  rapid 
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^  fr»aiof«'a)^h(l'  tlie  end  'of*the  eylMer  fmdfarfcdhi  the  bo( 
hi|^  filler,  I'bGtefidkwd^'sn  kb«  dMtoioMrtin  to  fife  le^tial 
degrees.  '  "       ' 

*ttie  cTifietthce     '  It  (ftay  perhspn  be  ifiuiginedy  at  firft  -fight  of  tte  refidti  of 
^I^H^^'^l^'dle  (lie  experiment,  that,  ai  the  three  thcMOiilbtort»  whioh  occa- 
thenry  onAnn  ^^ted  the  p«rts  about  the* middle  of  the  axMof  the-cjlmdery  did 
its  truth  i         .^^f  indicate  a  decreafe  perfbdlyagreemg  #ith  the  tbeev jr,  Ae 
theory  ttfelf  cannot  be  true :  but  a  momtni'%  reflcdioo  will 
(hovr,  that  this  inferehce  woold  beto6  baftjTi  "and  that  thd'Afl 
'  fer^iice  bettveen  the?  theory  and-  the  refalti  of  eiir  e»periaieDti« 
far  from  proving  any  things  adverfe  tD'thetlieory»'  farv«  oa^Ac 
contrary  to  render  it  more  probable. 
becaufethe  The  refults  of  fuch  ex  peri  men  U  can  nevefiefNte-wMi-tbe 

'I^^Mo^n  ''^^^^f'  exceptihe  drvifionB of  our  thermodidtiers beiUBifcaiy 
aftdcftftin.  "^abcatate:  but  it  id  welt  known  toevery  ooet' who-faai-Aij 
knowledge  ot^halttral  philofoplif,  thatlh^dh^Miens  of  ev ther- 
mometers are  defedlive.  .    '  ■  * 
^  Td improve  thh     One  of  the  obj efts  I  bad  in  view  tti  thel  Apbliwent^  of 
'o^^'otnm^.  ^^'^^^  ^  havejuft  given  an  account  to  the  dafsi-and  to  fe^lbl 
tance.               Others,  which  I  intend  to  make  withoM  delay*-  m  to  ittpiifC 
'■  th6  divitioh  of  the  fcaie  of  the  thermotticteriiii^iNdeMd^Midcr 
this  valuable  inftriiment  of  greater  utility  in- thtf  dcli€ateio" 
vefligalions  of  natural  philofophy. 
The  air  thermo-     It  appears  certain,  that  the  increafe  of  tbe  relaRicitjr  of  A 

w^bc'attendc?   ^y  ^^^  '*  """^^  ™^®  "tiearly  proportionate  to  the  iBcrcaliiof 

to.  temperature,   than  the  dilatation  of  mercury 'Or  any  knUMvn 

'■    fluid ;  confequently  it  is  the  air  tbermooietef  ^Vrift  ought  16  eof 

deavoor  to  improve,  and  which  mud-  ultimately  eflford  batW 

mod  accurate  meafurc  of  heat,  that  it  is^-j^ifible.  for  ulti9 

'    procure. 

m 

,  $KCT.  IV.  The  JJcat  produced  in  a  Body  by.  a  given  Stuatiif 
-  ..:  (iffolar  Ug/a  is  tjie  Jhmt  wlieiher  Uie. Rujft  be, deafer  or  nffft 
,■    .  convetgeat,  paralielg  or  divergent,  ... 

Whether  the  In  all  cafes  where  the  rays  of  the  fun  ftrike  on  t-fte  faiAce 

^^JiSd*b  *"***  °^  *"  ^P^'^^  ^^y  without  being* ^flc«ed,  heal  ts 'generated, 
the  (blar  rays  'it  and  ■  the  tent(>eratur e  of  the  body  is  >  jnt^fed  :-  ■■  hot  is  the 
proportiDrial  to ..  ^^rf^y  x^  heht  t-hus  excited  alvrays  in'^rdj^oftion  to  the  qaao- 
fcsbed*.  *  '  ***>  dt  light  that  has  difappeared?  Tliis  is  a^very  inter^Aiif 
queftibn,  and  ha«  not  hitherto  found  a  decifive'fbhlion. 
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it  ha*  been  proved  bulli 

oil  each  oilier,  wilhoul 
Sions  or  velocities,  if 
ol  fee  how  tbu  concen. 
sale  their 


'Wben  we  conficler  tho  prodigious  intenfily  of  the  lieat  ex-  It  ixi  not  fi.1- 
cilvd  in  (lie  foOQ***  i  bumitig^mirror^r  a  tent,  we^rO  lenipteil  i^*  ^^'"'^ 
tobe)ievei  ilfftt  UNconcenfsation  anil  condenfaban  of  lita-folai fiin,  po^cmf 
rays  increBriMlicif  powe*  ni  *^xciling  heal;  but,  if  we  examine '''"'!""  P"" 
the  antlePmoceclulelT,  wcsraobligod  to  GDi>l(rf»,.  that  liKh.;nr^„fedby 
i   Wl  mtfriMtilaltm  woujc^  be  inexplicable.     It  would  be  .equallr  condcolini 
[  lb  on  both  the  hvpoihefcs,  which  natural  pliilufophers  have    '"' 
iivmed  of  tlie  nature  of  li|;hl:  fur,  i 
bf  caloulalion '  aad  exp<-'f<mci)1.    III 
Aic  flmtl  may  approach  and  evon 
dpnn^ng  either  iheir  rGliieclive  c 
t  bnanalogotM  la  fouml,  we  il 
ion  or  cundL-alalldn  of  Theteundalaiioni  can  ii 
e  of  impulfc  :  and  if  light  be  a  rtal  emanalioi),  as  its  ve. 
'Incily  it  not  ahered,  either  by  ihe  ofaanga  of  dite^on  it  un> 
derirvci  in  paling  through  a  lent,  or  by  iU  refledion  from  lliB. 
IfurlacaAf  a  polifhed  body,  ii  fevms  lo  me,  iliai  the  power  of 
'«3ch  of  thifu  paruclei  in  cxtilc  or  impart  heat,  mull  necclfaril/ 
—jbt  thn  rmne  after  refn6ion  or  relteQIoii  ai  before;  and  con- 
Ei^nenily,  thai  tlic  hea  communicated  or  excited  inulf  be,  in 
3^«ll(-aJe(,  at  the,(]iian|ity  of  light  abforbed, 

-  I  bnveJuO  mad?:|[iRte  experintenis,  which  appear  lo  ib<  t 
eftsHift  ilijc  fad  boyotid  ctuefiion. 

-  Having  procured  from  Ike  opiidan  Lercbntin  two  Icnfut 
IpcrfeClly  equal,  and  uf  ihc  lame  kind  of  glafs  four  inches  in 

rfiftmelcr,  and  of  eleven  and  a  half  focus,  1  expo  fed  ibcm  aMheufcd, 
'brae  time  (o  llie  tun,  Gdc  by  fide,  about  noon,  when  tho  flty 

was  vety. clear;  and  by  means  of  two  thetmomclurt,  oi;  refer* 
Vuitacif  hoal,  of  a  peculiar  conllruflinn,  I  determined  the  te- 
Ktiivt  quaatiliei  ol  ^  hcAt,  Ihat  were  excited  in.  given  limui  l>y 
ftfae  foUirayi  f^^  different  diftancM  trum  Ihe, foci  of  llieltnfe*. 

The  two  tefervoirs  of  heal  are  a  fort  of  Sal  boxeM  of  bmfe  to  ibtow  ihi 
•^led  wiih  water.     Each  of  ihefe  refervoirs  J;  three  inches  ten  A,"'';  "*^^'*'' 

lines  nnd  a  half  in  diameter;  and  in  linei  ihick,  well  polilhed  cxncilning  wint 

««emailji  oh  alt  fide*  cxtqK  one  ot  r.^  two  ft*(  faces,  wiith  "'^^^f^'^^' 
Nvus-bliKkened   by  the  fmoke  of  a  catidle.     On  this  lace  th^iii«H> 

^ifrkii  ray!  were  received-iti  the  eitpcrinii-ill^.  -''    -      ..  -,    ■  \ 

't     E«fch'«f  ihcfe  nebivoin  ai  Iteal  wfjgb*  when  etnply  0BM  ~ 
^ffvm^  poid.1  de  taarvy  (ntaria  puiii)d:Uo}>),anil-cotUaint  1S10  ' 

grains  of  water  (about  2  oz.  3  d«vU, 
tA  Taking 


0  Eiptrlrt 


■1  ptrfrflly 


;^'    ^»ta 


L 
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Taking  the  capacilj  of  brefs  for  heat  to  be  to  that  of  vater 

'tsO.ll  to  ]«  it  appears,  thattheeapacity  of  the^mcftallfcbost 

weighing  6850  grains,  is  equal  to  the  capacity  bf'flfffniaa 

of  water ;  and  adding  this  quantity  of  water  to  that  tbntaiiled 

in  the  box,  we  fliaU  have  the  capacity  of  the  ittfertoir'im- 

pared  for  the  experimenti  equal  to  that  of  I9S9  gMiM  ttf 

water. 

The  tempen-        Each  refervoir  is  kept  in  its  place  by  a  cylinder  of  dry  vodd, 

^^10  eKh  ^  0"^  o^  ^^c  extremities  of  the  cylinder  being  fixed  in  a  ibekel 

fliewn  by  a  ther- in  the  center  of  the  interior  face  of  the  rel'ervotr;  and  ettdl 

B'^^^*  refervoir  has  a  little  neck,  through  which  it  b  filled  with  water, 

and  which  after  receives  the  bulb  of  a  cylindrical  tbermoifjetert 

that  reaches  completely  acrofs  the  infide  of  the  box  in  the  di- 

re6tion  of  its  diameter. 

•  The  two  refervoirs  of  beat,  with  their  two  lenfes,  are  fimly 
fixed  in  an  open  frame,  whicK  being  moveable  in  all  direAiont 
by  means  of  a  pivot  and  a  hinge,  the  apparatus  is  eafily^ 
refled  toward  the  fun,  and  made  to  follow  its  motion  regolarly, 
fo  as  to  keep  the  folar  fpe3ra  conflantly  in  the  centers  of'tha 
blackened  hcet  of  the  refervoirs. 

In  order  that  the  quantities  of  light  psffing  through  (he  two 
lenfes  (hould  be  perfectly  equal,  a  circular  plate  of  well  |ko- 
lifhed  brafs,  in  the  centre  of  which  is  a  circular  hole  three  in. 
ches  and  a  half  in  diameter,  is  placed  immediately  before  each 
of  the  lenfes. 

When  the  refervoirs  of  heat  are  placed  at  different  diftancei 
from  the  focufes  of  their  refpeflive  lenfes,  the  diameters  of  the 
folar  fpedra,  which  are  formed  on  the  blackened  faces  of  the 
refervoirs,  are  neceflarily  different ;  and  as  the  quantities  of 
light  are  equal,  its  denfity  at  the  furfiice  of  each  refervoir  it 
inverfely  as  the  fquare  of  the  diameter  of  the  fpedrum  formed 
on  that  fuiface. 

ExpcfifHeiU  !• 

In  this  experiment  the  refervoir  A  was  placed  fo  near  the 
focus  of  the  lens,  between  the  lens  and  the  focus,  that  the 
diameter  of  the  folar  fpe£lrum  falling  on  it  was  only  |  an  incb» 
or  6  linesy  while  the  refervoir  B  was  advanced  fo  far  before 
the  focus,  that  t^  fpe6trum  was  two  inches  in  diameter,  or 
SI- lines.  ..   ;  »       . 

As 


Light  admitted 
thrauf  li  equal 
•pcrtttiek 


ZxpciunciiC* 
With  equal 
apertures  >he 
folar  fpiits  fiom 
the  lenfes  were 
•f  6  and  of  24 
Hoeadlam. 


^^^^^^HL  SH    HBAT    AND    LICHr.  Ifi7 

Ai  (he  quanliliet  or  lighl  falling  on  both  were  eqaal,  llie  The dmGilei rf 
denfilj-  of  lilt  ligla  ai  ih«  lurface  ol"  ihe  rcfervoir  A  was  lo  ihe  J^'/^'^'lf 
rf«iifi(y  of  i!iM  a(  ilie  fur'acc  of  liie  refrrvoir  B,  as  ifie  ftjuate  lijhiweftthttt-  ' 
of  £.1  U)  the  f^uare  ol  d,  or  a,s  1 1;  to  i .  ^"  "  '^  «  '  i 

I  imagined,  tlial,  if  IIil:  quaiilii^  of  lical,  which  a  given 
i(tuntity  ol  light  ii  capable  of  esciiing,  depended  any  way  on 
ill  deadly,  m  ifiedeiilliie;  weio  fo  tlilferecil  in  ihisoxperioienl, 
I  cpold  not  fail  lo  itifcover  Ihc  (itil  by  tiie  difference  of  time, 
wlijclk  t(  would  require  to  raife  the  two  tiiecmooieten  the  lanic 
nupiberof  degrees. 

Having  cuhiinued  the  e^cperimcnl  more  than  an  Iiour,  on  a  ^m  btih  the 
veiy  fine  Uay,    when  the    fun  waii  near  llie   meridian  ^nd  J^^^^'^^  J^'"  ^j 
(hogeestremeljbfig'it,  1  did  nollind,  that  oneof  theiefervoit*  nmci. 
wu  heated  perceptibly  quicker  than  the  other. 


'"''  Erprrl'ntnt  11. 

I  placed  the  refervoir  of  heal  A  flill  nearer  the  focu«  of  the  Eijmiment 
lens,  in  a  Cliiaiion  where  the  folar  fpeflrufii  wat  only  ^  line  ^.".^"J*^'*' 
in  diameter,  and  where  blackened  paper  caught  fire  ih  two  or  ip..u  mt  u 
ihree  fecond* ;  and  I  removtd  the  refervoir  B  Dill  liflhcr  from  *i  •"  *7* 
lliefuc.ui^  advancing  it  forward  IJII  the  diameter  of  the  fpcflrum 
was  two  inches  three  linos. 

The  denlllies  ot  the  light  at  ihe  furfacea  of  tbe  tefervoirt  \a  The  dcnGdu 
ibis  experiment  were  as  32  to  1.  o(th<  Lghtwot 

The  temperaluieof  ihc  rcfervoirt,  as  well  ai  that  of  the  at-  "  ' 
loafpheie,  at  lite  beginning  of  the  experiment,  was  5+"  F.  = 

The  rcfetvoir  A,  after  Iiaving  been  expofed  to  the  afiion  of  The  dcnreil 
verv  intenfe  liifhl  neat  the  focui  of  tbe  lens  for  twenty-four  ^>i'^' ^^ojied 

'  *  -    1  ■  !■  r.    '•ther  led  h(il. 

luinulei  foity  letonds,  was  railed  lo  the  temperature  ot  80"  F. 
=  21"  4  R. 

The  refervoir  B,  which  wa<  much  farther  from  Ihe  focui  of 
iti  ten),  Wat  raifed  (o  ihe  fame  temperature,  DO"  F,  a  lillle 
more  quiclity,  or  in  twenry.lliree  minutes  forty  fecondi. 

To  faife  ihe  temperature  of  the  rcfervoir  A  to  iOO"  F,  = 
30^  J  R.  it  wa*  necefliiry  to  continue  ibe  experitnent  for  on« 
hour  fifteen  minule*  ten  fecondi,  reckoning  from  llie  eoni- 
nienceineni  of  it ;  but  (he  rcfervoir  B  reached  the  fame  lein- 
perature  in  one  hour  iwelve  minutei  ten  fecopili. 

The  progrefi  of  ihia  experiment  from  the  begmning  to  ibe 
end  is  exhibited  in  the  following  table  : 

.    ,,  Increafca 
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The  gexi«4ye. 
Cttlo  ubiUate!L 


I   ■ 

Incrcafoi  of  Tim* 

Timenfani    , 
*^        By  A.                           ByB- 

1 

From  54«  to  80«  F. 
80        85 
85         90 
90,       95 
95       100 

2V.  40" 

7     45 

9     55 

15     30 

19     20 

7     30. 

9       0 
13       0 
19       O 

54       100 

75      10 

72  .JO,           j 

TimetoftHeui* 
pcrimeat. 


Hence  light  does 
not  give  more 
beat  abfohitely 
by  being  coa* 
deniiedU 


The  riyt  were 

convergent  io 
the  preceding 
experiments. 


This  experiiQent  was  begun  at  7  minates  30  feoondii  -afler 
II,  and  finifhed  at  22  minutes  40  fecondt  after  12«  the  tkj 
being  perfeftly  clear  during  the  time.  -  - 

On  comparing  all  the  ^efuit*  of  thiy  experiment,  we  fiee, 
that  the  refervoir .  \,  which  was  placed  very  near  the  focati  wai 
more  ilowly  heated  than  ilie  refervoir  B,  which  was  at  a  conn- 
derable  diftance  from  it  *.  The  diflerences  of  time  boweyer 
taken  to  heat  them  an  equal  namber-of^  degrees  were  very 
trifling,  and  I  think  may  be  ealily  explained^  without  fupijMH 
(ing  the  condenfation  of  light  to  -increafe  (^  dimiDifii })  ifi 
faculty  of  exciting  heat. 

Ill  both  the  preceding  experiments  the  folar  rays  ftriking  oq 
the  refer voirs  of  heat  were  convergent,  and  Ibey  were  even 
equally  fo  on  both  (ides.  To  determine  whether  parallel  raya 
\\jL\'c  the  fame  power  of  exciting  heat  91s  convergent  rays,  | 
made  ihc  following  experiment. 

£xperimau  III. 
When  one  veflfel      Having  remove:!  the  lens  from  before  the  refervoir  B«  Ifu(^ 

Z*^Slefra^i  ^^^^^  ^^®  ^'^^^  '*>»  "f  the  fun  to  fall  on  the  blackened  face  of 
ef  the  fun  with-  the  refervoir^  through  the  circular  hole  three  inches  and  half 
outinter^ption,  ;„  diameter  in  the  round  brafs  plate,  which  had  been  conftantlj 

placed  before  that  lens  in  the  preceding  experiments. 

The  refervoir  A  was  placed  behind  its  lens  as  in  the  fonner 

experiments,  and  at  the  place  where  the  folar  fpeAruo^  had  fi^ 

lines  diameter, 

■  • 

*  Did  not  the  elevated  temperature  of  the  fmaller  furface  fuftaiiir 
its  powerof  ibrorbiughcaty  cqpiSDrmabl^  to  the  known  laws  of  heate4 
b94ic«?— N<  .  *' 

Hayii^ 


Jhkifti  i^i^fed  (hit  appatatui  to  ihe  Tun,  1  Toiltid,  thfit  the  ft  wa  hcited 
refcvojr  B.  oh  whWi  theHirea  rajt  fell,  wa»  bealey  faiifibly  ^°"X'^ 
qiittlterifi'Bn'tJie'  reforvoir  A.'wiiich  wa  exporeilo  ihe'aflion'bj  ■fptftruirnf 
«r  Ihe  concenlraled  rays  near  ihe  iocus  of  ilie  Ie«).  * 

The  tenlJ>W'afirfe  of  ihe  appafatas'ind  of  the  Blifttfl^eWftl  ^ 
the  beginning  of  Ihe  experiinenl  being  53"  F;  =  sJ*  JU".  llifc''- 
refervoir  A  required  [«*eiii|-jhree  miniilcs  ihirly  feconds  (o 
rajfe  il  lo  llie  lempcralure  of  iO"  F.  =  '21°  J  R  ;  but  ihe 
refcrviiir  B,  vvliich  was^xpured  lo  (he  di'tcfl  rayi  of  thelitrl, 
aqqiiTreJ  'the  fainc  (cmperaiufd  in'  eigtiieen  fflinuW»  ihrfiy 
letdndsL  ■    ■  ■ 

■toreocli  Ihe  remperaliirtof  lOCj"  P.  =:  30"  J  R.  idoVtllfc  ' 
ref^rvoirAonehourandlhteemiiiUlcs,  but iherclBivuirBfa^f)-^  ' 
fcVen  Tn'iniites  (iflech  fcfonds  only. 

The  following  lable  will  ftioW  ihe  prbgl^efs  of  thij  experi-  ■ 
meal  from  the  beginning^io  ihe  end.  '4*1 


CcDtial  (dulB. 


Tunc 

.^=n 

f        Br  A. 

B)B.            ) 

ftxiDi  is"  lo  tia"  F. 

H'    26" 

7'      0" 

65          70 

*      10 

3     15 

70          75 

5      10 

3     45 

15         80 

5     40 

4     SO 

80        85 

7       0 

4-    45 

I      as      90 

7     30 

5     45 

r        90        95 

10     30 

8       0 

95       100 

H     10 

10     15 

100       105 

2U      0 

I*-     43 

53       105 

81      3C 

62     30 

A?.5 xonriderable  part  of  the  light  llial  fiill  on  the  Ien>  before  Thh  SitFinna' 
Ih/rcferwoir  A,  wai  bft  in  paijii.g  lluoigh  't-  •'  »  e"'*^'- ^Vn'^i!*'!!'**' " 
IhatUie  quaiilily  received  by  lhi»  refetvoir  was  lefs  than  ilial  j„/{|ngrhro"uEh  " 
received  by  the  releivoir  B,  *hith  was  eitpofcd  to  iKe  diica-ibe  icm- 
fays  of  Itic  fun  ;  and  Kc  have  Iceti,  that  the  latter  mm  healed 
aiore  rapidly  (liati  the  fwiner. 

As  we  know  nol  eraSly  hOw  much  ligdt  wW  lofl  in  palTing'Thiscxpciinicnc 
througiVihe  lenj,  we  cannordcterniine  from  Ihe  jefQtrt  of  this|"^"ot  *«i&«  - 
ckpeiiincnt,  whether  convergent  raji  be  more  or  lefs  edicadons 
ip  e](£iliDg  he»t  than  parallel  raytj  but  the  dilFerence  in  the 
^      "  Upas 
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EI^4 

made  with  equal 
apertures  and 
Ipedra  -j  but  the 
one  being  witbin 
the  tncu*  wu 
^med  by  con- 
ircrgent  rays, 
and  the  other 
withtmt  by  di- 
\crgcAt  rayi* 


Ko  fenfible  dif- 
Itren  c  oc- 
curred. 


C.  KUMrORD's   BXfB&IMSNT*  OV   KBAT  AVD  LtGJiT. 

times  of  heaticg  was  not  greater,  as  it  appears  to  me^  ihaa 
we  migbt  have  expefied  (o  ^nd  it,  fupppfing  it  t^  be  occaRonpd  . 
folelj  hjf  t)ie  di^erence  between  the  quantities  of  lighi.ading 
on  the  refervoirs. 

The  refult  of  the  following  experiment  will  el^rtilifli  tbii 
point  beyond  doubt. 

Experiment  IV. 

Having  replaced  the  lens  belonging  to  the  refervoir  B,  I 
adjufied  this  refervoir  to  fuch  a  diilance  between  the  lent  and 
its  focus,  that  the  folar  fpcdrum  was  one  inch  in  diameter;  ^nd 
I  placed  the  refervoir  A  at  the  fiime  diftance  beyonds  iH 
focus. 

As  the  quanlides  of  light  direded  toward  both  were  equal ; 
and  the  diameters  of  the  fpeclra«  confequently  the  denfiiies 
of  the  light  that  formed  Ihem,  were  alfo  equal ;  (here  could 
be  no  ditTerence  between  the  refults  of  the  experiments  witl^ 
the  two  refervoirs,  except  what* was  occafioned  by  the  difftr* 
ence  in  the  direction  of  the  rays  that  formed  the  fpe^rv.     On 
one  hand  thefe  rays  were  conirr^n/,  and  on  the  other  divfrgenii 
and  I  had  inferred,  that  if  parallel  rays  were  irt  reality  Mi. 
efficacious  in  exciting  heat  than  convergent  rays,  as  fome  pfet-^ 
lofophers  have  fuppofed,  divergent  rays  mufl  be  fliil  lefs  efli> 
cacious  than  parallel  rays,   and  confequently  much  lefs  than 
convergent  rays. 

Having  made  the  experiment  with  all  podibre  care,  I  found 
no  fen(ib!e  difference  between  the  quantities  of  heat  excited 
in  a  given  time  by  divergent  and  convergent  rays. 

The  following  are  the  particulars  of  the  prugrefs  and  refulti 
of  this  experiment : 


Gffienil  refuks 
of  thii  laft  es« 
^riment. 


.  Zncnafts  of  Heat. 


Fiom  60^  to  eb""  F. 
65         70 
70         7.5 
75         80 


Tinae  taken 


f  By  A, 

with  diverfeot  Raya* 


60 


80 


^^1 1  f 


4'  50" 

4  55 

5  27 

6  \% 


21     25 


ByB, 
with  coAvergept  ]l»yii 


4/  b(/' 

5  0 

5  25 

6  15 


21     30 


noflu 
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Ffora  llie  refullfl  or'all  Ihc  expecimerU,  of  wliich  1  have Cooclufion. 
."3uft  given  an  account  lo  the  dah.  we  may  conclude,  ihat  the  Jj.^^  ril^** 
quwiliiy  of-)i«ute)tcJti!d  or  communicated  by  the  lolarrays  ha  iheiitht^* 
iiway^,  and  under  dl  citcumllances,  as  ihe  quanlUv  of  light*"'™'* 
thai  dirappenc.  -    ■''   ''-'•"■■  "!■  ■'   .'"■  ' " '•' ■    "_■  '''-"  '■'■'* 


Otfirnalion*  on  brafling  Rxki;  TLitb  an  Accotint  qf  an  ImpnK»- 
Kent,  whtrtbif  rte  Danger  of  accidcittal  EiphUbn  is  in  <t  grait 
lUta/brt  dirrialed.  By  Mr.  William  CiOiE.  from  Ihe 
Juthor. 

To  Mr.  NICHOLSON'. 

.  .51K.  Daiion,  Oa.  li,  1305. 

i  HE  method  of  confining  the  force  of  jiunpowder  fay  a  co-  Prjaiceof  blift- 
lumn  of  fand  in  libfting  rocks,  has  been  leveral  years  ufed  in  ^,;;|;'ff'^  " 
Ihis  part  of  Fuincfs :  At  one  lime  it  wai  a  very  favourite  prac- 
tice; Ijiit  at  prel'eni,  from  ihe  prejudices  or  indifference  of 
worlcnteiii  or  on  sccimnt  of  the  liitle  danger  ailendant  on 
wotltlog  lime-IIone  in  ihe  cammon  manner,  it  is  lets  in 
repute. 

About  Iwo  years  ago,  fuppofing  Ihis  method  not  to  be  ge-  noticed  \>j  ibe 
nerally  knowri)  I  drew  up  o  lliort  account  of  it,  and  (liould  "'^°'  *"*■ 
have  fenl  it  lo  llie  Philofopliical  Journal,  had  it  not  been  con- 
nected with  other  mifccllanetjus  niatler,  which  I  had  given  lo 
Mr.  G.  Atliburner,  ihe  printer  and  prnprielor  of  a  new  edi- 
tion ol  Weft's  Antiquities  of  Furnefi,  in  which  work  llie  pro- 
cefs  is  defcribed  and  recommended  *, 

Thougli 

•  The  pajT^ge  alluded  to  is  a>  follows,  p.  393.  «  Tn  breaking 
Np  the  lovte  roelts  upon  BiyclilT  Higgs,  Bficr  ibc  cnclofure  of  thai 
common,  a  method  of  rin|)toyiag  fea-fand,  far  the  purpofc  of  eon- 
Aning  the  force  of  gunpowder  in  blsfting,  wai  ufed,  which  doe* 
not  appear  lu  be  genecBlly  kiiowu,  though  i|  wu  undoubicdly  in 
ufi^  in  other  paiii  brfore  ii  wai  adopted  in  Futncfi.  The  method 
if  briefly  (bit  =  After  the  Eicasalion  is  made  in  the  ufiial  manner 
•ivith  a  bocei)  the  charge  of  powder  is  poured  ini  and  a  priming. 
Araw  of  a  proper  Icngih,  filled,  with  powder,  is  placed  in  the  hole, 
baving  one  of  iti  Gdei  near  the  lower  end  To  cut  or  thinned,  that 
,•''  (lie 
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Improvemem  by     ThoQgh  thls  method  is  undoubtedly  worthy  of  mtidi  atCetfi 

nounoei"  ^'  *'^"»  ""^  ^^^  ^'*"  ^^  employed  with  advantage;  yet,- when.  " 
a  flroDg  ^arge  is  required,  the  common  mode  of  ilctomiafh 
muftbiB  frequently  adopted :  And  as  the  dagger  in  Uafting  * 
fome  kinds  of  rocks  in  this  manner  is  very  confidentbk^'  livii 
happy  to  notice  an  eafy  method  of  obviating  one  pnncipat 
caofe  of  acci'de"ftlal  explofiftn,  \Vhfcti  was  cdthrniini^lecTTC  " 
me  in  converCation,  a  few  days-agOy  by  Mr.  Thomas  Fifhcr, 
a  rcfpedabl^  flate  merchant  in  (his  town^  who  afTures  me  it 
is  infallibfe, 
Cijf-s  ofa:ci-       The  principal  danger  attem'ant  -on- Uaftingi  dovstiotcoiK 
•cnul  iitplofion.  Pj^  i„  ftemmintr  Mpon  the  charro  of  powder,  but  inthe  fobftu 

The  pnncipal  is  o     i  r^  i  »  ^ 

f<>^mthet'ric1to!i  ^I'^cnt  Operation  of  drawing  (he  iron  rod,  called  the  pritkieri 
nf  the  iron  wfjich  makos  the  channel  for  thfe  prirninjj*ft/aw.  For  although 
5:!i\ri:ja!  ^''^-  colliiion  of  the  firft  fragments  of  ftcmming  fomciimei  pnv 

diice^s  anexplofion;  yet  this  may  be  prevented  by  previoufly 
ramming  a  tFiick  cap  of  paper,  &:c.  upon  the  powder;  hf 
beating  lightly  upon  the  iirfl  pieces  of  flone  that  are  throvrn. 
into  the  hole ;  or  by  ufing  thofc  materials  for  (lemming,  which 
are  leaft  liable  to  give  fire,  fuch  as  rotten  ftonej,  pieces  %f 
broken  pots,  or  burnt  clay.     Tlie  pricker  being. hard  pdnefled 
ngainll  the  rock,  and  in  clofecontad  with  the  flemming^  can^ 
not  be  drawn  nut  by  hand,  but  mud  be  firuck  out  by  thoi 
hammer,  a  flrong  piece  of  iron  called  a  jumper  being  firfi 
placed  in  an  eye  or  loop  in  tiie  highclt  part  of  the  rod^  to  re-^ 
ceive  the  blows  which  are  given  in  a  proper  dire6lion  to  bring 
it  out  of  its  place.     Now  it  frtujucntly  happens,  that  the  frio* 
tion  of  the  loweft  part  of  the  priiker  again (i  the  rock  fires  the 
powder  at  the  firfl  or  fecond  blow.      When  the  explofioa 
iiappens  at  the  commencement  of  Hemming,  the  workman 
g<!nerally  fuftains  onl  v  a  partial  injury ;  but  when  in  this  part 
of  the  operation,  when  the  powder  exerts  its  whole  force,  and 

the-chirge  may  partially  communicate  with  the  fmall  afceadiBg  o»i 
lomn  contained  in  the  flraw.  After  this,  the  remaindtr  of  the  ex- 
cavation  is  fiJIed,  tyy  pouring  in  dry  fea-findi  and  the  explofioa  ia 
given,  by  firing  the  priming^(traw  in  any  of  the  yarioua  waya  which 
are  in  common  ufe. 

''This  method  has  been  found  to  b^cquallyefTeAvalas  (lem^ 
ming  with  any  of  the  common  mnterjale ;  and  wliere  it-canr  be  vfed 
is^^ertamly^preftrabk;  ititlaferi  dnplcri  and  moctexpcd^tioui.^ 

*•        ,.■  '■ ■•■.,•. 

diipeitiM 


iJifperTelpiecet  of^lhftVhdUeredriKik  inrKtioiudireCtionl,  iih      -  - 
life  is  in- Iheutnioll. danger,  aoilhiafilualion  it  tiul/ terrible 
U  eonteinplBle. 

.  Mr,  FiHier'*  Jaiprovetnent  Is  to  aWlalQ  (his  danger;  and  Mr.  F.'ieipaa 
Mnfiils  in  Ihe  ufe  uf  a  copper  rod,  or  pricker,  tor  inakJog  mtde IV'cooper 
the  We  ihat  recaiiret  the  ptimjiti-llraw,  infiesd  of  one  of  which  is  not 
irao,  nrliicli  twforo  was  every  where  employed  in  thii  partof  mJjjJ°  *™ 
thcikingdan). 

In  our  convertition  Mr.  F.obfcrved,  ihal  (bme  jrears  ago, 
r  4htee.  explofioni  happened  oa.  dikwing  Ibe  pricker,  in  Ihe 
courfeotafuiloighl,  at  bisqnury  in  Kirkby  Ireblhi  and  that 
Ons  man  being  killed  and  two  wauiHled.  leveral  of  the  wntk- 
meu  were  fo  iiitimidaied.  ihat  Iliey  rtfulved  lo  abiuidota  a 
plate  which  thej'  conlidetcd  at  defined  to  daily  misfor- 
(unei.  It  ihetflfore  became,  liiglily  rcquijile,  on  leveral  ac- 
fOOunU,  ta^U^pl'Tamc  innovation  for  the  I'ecurily  and  en- 
couragement of  the  ivofkmen, 

■  -  Ilf  wettJWing  on  Ibe  caufe  of  lhe(e  acoidentit,  !l  app«acd 

^dH  rational  to  attribute  tlicr;!   lo   the  iron  pricker  giving  ijie 

by  ils  fiiftion  againll  Ihe  rock,  which  was  a  hard  blue  rag,  or 

.  iW^p^nn^'i.jttid.frocn  this  view  of  the  caule  it  wai  inli^cpd, 

J, than  l<*f^>y  would  accrue  froiD  (he  ufc  ot  prickeri  qpnfhvfted 

of  iholo-inalak  wbich  are  ieail  dilpufed  ip  give  fire  willy  ftone. 

Mr.   FiQicr,  liieietbre,   dalerroined   lo   make  trial  of  copper, 

I  «]d.  having  procured  fonie  implunenU  of  lhii..kirtd>  found 

;  .l(ieai  loanlwer  the  puipofc  L:onipIc-lely.     ](  ia  aovi  ix^tfdi  Jur:^}^ <xftH. 

of  Ihteg  j^ari  fince  tbis  ioiproi.'eiiieni  iva^odopttd,  anrffis  no  ""^"t™*' 

.^jfplofion  hoi  happentrd  at  the  end  of  ixenuif  ing  in,  ihal  fi^liod, 

at  an  extenGvc  woik  where  accvlen Is  were  ^£<j\tcQ^  )>|^i^e, 

-  .Mr.  F.  conOderi  the  means  as.alD?oa.  ijifaJhblej  aoii  j*  t^iipjr 
to  lliink  ihat.  many  fad  misfoitane*.  liav«  been  ihcfel^  g^ 
vented. 

'  There  are  elcveji  QaLc.  quarrit^s  in  Kirkby  IteUUi,  al,  fif)(fral 
..  of  which  copper  rods  eie  now.ulcdi  bat  »!,  otiien  lJ)A>-»re 
.  not.  Al  one  of  thefc  a  laial  accident  bappcnod  a,tiew  ae«tht 
.*.  ^go,  ^m  an  esplofioo  uporiidf»«i|ing  a  (uJ  of  iron. 

Pridtcrs,  fucb  aa  ufctl  by  M>.  Fifitcr,  a^soaCly  ci>r)(lriiA<d  : 

^  A  piece  of  cupper  being  forged  to  the  proper,  length,  Uiape, 

and  ihicknefs  for  the  body  of  the  tool,   is  rivetled  lo  an  iron 

-  heiut  or  luop  limilar-  irvlbaf  of  (he  Miunon  pficker.-  Thefe 
implemenit,  when  carefully  ufod,  are  nearly  as  durable  a i 

'-IbtfTa  ot  iron. 

&  Sattd 


1)4  PORTABLE    STBAH-IVGllfX; 

AdTants^  of        Sand  has  hot  hitherto  been  ofed  til  bliftin|(  tt  tKe  f  lAe  qiuv^i 

*m*«S!***^"**  in  Klrkhy  Ireleth.    The  nmften  db  Mt  IKiflk  It^teM 

fuoceed  well  in  their  work.    I  have  frequently  feen  Mr^FiCber 

ofe  ft  inlimefiohe  rock  near  thw  Rnvnt  He  fitytdl'anTiNHert  (bo 

bed  ill  deep  holes,  bat  thinks  fbat  fand  it  more  RMe'-^be 

blown  out  than  fteroniing.    He  aUb  confiders  it 'tti  the  W>fl 

advantageous  method  of  working,  in  driving ile^eh,  told  bistft- 

ing  in  (irm  rock,  to  ufe  flrong  charges  of  powder,-  iKaftfie 

.  ilone  nay  be  fufficientlj  broken  by  the  ^plofion  lo  b&  re. 

•  moved' without  mudi  affidance  from  the  Imnnier, -thd  pid^t 

dr  the  lever :  For  thus  the. expedition  of  the  work^mply  ^diii- 

penfaies  for  the  fmall  addition  which  is  requilile  to  m  ebdimba 

charge  of  powder.  ^■•■' 

I  ami  Sir,  -*'        ■  •  -• 

■  Yonr't.refpeAfblly, 

WILLIAM  CLOSE. 

■  —    ■_  »     _ '     _  * 


»m^» 


IV.  •.    '• 


.  .• 


•  Dqfiription  qf  a  portable  Steam-engine,  invented  hy  Mr.  Samvbl 

CLEGG*f    David  Street,    Manchefier.      Cmtnunicatei  ty 
Mr.  Da  ltox.  Lecturer  at  the  Katfoi  InfiHutkn,  ifCm 

•tefcription  of  a    -L  HIS  engine  is  worked  by  four  copper  valves  in  the  ufiial 

tan-engine*     manner,  but  the  mecfaanlfm  for  lifting  them  is  very  difierent 

from  any  hitherto  made :  there  are  no  levers  employed  for 

opening  the  valves,  and  there  is  no  hand  g<ar.    The  fieap^ 

and  exhauftion  valves  are  on  the  fame  horizontal  plane ;  tfaofe- 

'  which  are  vertical  to  each  other  are  not  like  tbofe  bithecio 

*  uTed,  both  expofed  to  the  fteam  or  both.to  a  vacuum  f>  bat  by 
a  (impic  contrivance  in  the  conftrudlion  of  the  nozxles^  the 
one  is  expofed  to  the  (learn  while  the  other  has  a  comaoniaa* 

'  t ion  with  the  condenfing  veflel.  Frum  what  has  been  faid  it 
nay  eaiily  be  perceived,  if  the  two  valves  be  connected  to* 
gelher  by  a  (Iraight  rod,  that  when  this  rod  is  lifted,  the  pref- 
fure  is  given  to  the  plfton,  and  th^  .mactiin^.is  p^t  ifi^„pio# 
tion ;  and  if  the  other  two  valves  be  connected  in  the  fame 

•  Lite  apprentice  to  McRrs.  Boulton  and  Watts»  of  Biming- 
bam. 

nannet 
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manner  and  liftej  at  an  appvinled  time,  the  engine  i«  kept  in  Dcftriptianof  ■ 
motion.     The  oulfi  Je  appearance  of  ihefe  noszlei  may  be  feen    '*'■''"*"*" 

.  si  Kg.  _i,  c  c,  fPlttie  IX.]  The  rods  wlitch  come  out  of  the 
bou«ni  o£  the  oozzW^  are  kept  light  by  vertical  Quffing-boxes, 
thp  wfepfc  of  which  is  hid  in  ihc  drawing  bj  the  frame. 

The  next  i%  a  new  contrivance  for  producing  a  rotalivo  ino> 
lion  Iron)  a  recipiiKating  one,  which  not  onl^  fimplilies  tbe 
mscbine  very  roitch,  but  exceed)  the  power  of  the  common 
crauk  by  nearly  one-lhird,  in  confequence  of  it$  a&lng  always 
perpendicular  to  the  radius  of  Ihe  wheel,  which  ii  done  by  a 

,  rack  and  wheel,  as  reprefbnted  by  Fig.  1  and  3  ;  and  as  thii 
plan  of  connexion  diflributcs  the  power  nniformly,  of  courfe 

_  a  muct;  lighler  fly-whue!  is  required,  which  dlaiiiuIlMa 
^idio|i,  &e. 

>:<  .  ,  .!<  ,  :  Etplataion  ^  ilt4  Fktt. 
y^'°^'.'\'. TiVfeprerentaiion  of  the  engine:  one  of  the  eor- 
ner  columns  A  A,  which  rupporl«  the  frame,  ferve*  lilceirife 
for  an  cduAiun-pipe  and  condenfing.vefTel ;  the  air-pump  E 
is  joined  lo  the  condenfing  veflel  by  ih«  pipe  D ;  e  i»  the  pif. 
tan-rod,  and  (hough  it  works  oat  at  the  bottom  of  (he  cyHnderj 
it  is  a;  eafily  kep!  tl^hl  as  if  it  worked  out  at  the  lop;  6  is  a 

*tl[in'lar  rd  which  keeps  the  rack  perpendicular;  aa  are  the 
two  radium  bar*  on  which  the  bralTes  are  fixed  that  fuppori  the 
thai) ;  by  thii  confrivance  the  wheel  C  eatily  movei  from  one 
^[  fi*  lo  tfieothet  of  ihe  ra.'k  F. 

'  fig.  'Z:  it  a  view  ti  (lie  rack  on  a  larger  fcale,  where  C  re- 
prcfents  Ihe  wheel  and  t?  itie  (hafi ;  E  E,  a  fliding-bar,  on 

'"which  "is  fixed  the  Imat!  roller  e,  ferving  as  a  conneAing  link 

■^oieep  iHe  wheel  C  aiwayt  in  gear;  for,  when  the  whed  it 

'■in  gear  ontheoppnfite  1id«((f  fterack,  the  roller  oisonllie 
olherBAJof  the  ptatfeao;  fcot  it  will  perhaps  be  more  cfCaHy 

'undWftiioa  by  Iht  plan,  Ftg.S.  where  the  letlen  rcprefent 
^'rtieftmeitiavementasin  iheelevalion,  fig.  2:  TliiJ  defcrip. 
lion  may  be  enfi^  tfiKterftood  hy  ihofe  who  already  pofftfi  » 
little  knowledge  of  a  fteam-engiM 


ffl^&f-f'  !«»■• 


•-»|ls,  »**yf*.'y?^>* 


V. 


oHpnal  SitwUimt,  v>khoi(t  difiurkiiif  the  Jntermr'^fVt^$llkU' 
ing,ifc.  ,    ^^^^      . 

,  To  Mr,  NICHOLSON.      '  « 

.piA^.Si^*  ■".:  ■••'■J' 

of  Clapham     ^rOf  gj^iu*  0^  nocj  ID  joiir  Taluapie  WoTK^  .UM  UwieMb  I 
''^~ -^  was     ^  iijiye  DO  fcelk^oii  in  prerenting  ihk  \hc\6fpA  fbc  tipj^jiij^fc 
^^'       '    It  It  the'  inraition  of  Mr.  Walkln  Bldbre,  ori  pTlM  nvt- 
sen  of  Fotbergal  and  Co.  carpentefi  at  Chpttu^^wi' was 
invented  to  raife-ftfie  foftb  roof  ef^Ghpfiam  diiiidi;-aad  its 
^^pli0at|oo44.  the  paKpqfe.  ^le^d/ec^  .exbtUta  j|lfjDy(coj|ll«^^ 

.,/^J|if./M  thMn^t^ho  acoQiBpUiM;;a^>X-^tltf>^«f^ 

.Jfo^ng  ih^  J)U*idjng:  w^l^  JW9^«..alld^fi^^ 

,  Wvtt /OcoafionodisoDfid^iqUe  »<i^^ 

».cbiircbb  •.■■...  ■■,■,,■•.•»•".       ■.,j54; 

The  ih94«d  part  ofihe  dnnying,  if/o/c  X«  4ieHivi  1^ 
•^  Ih^jUiies  bebiBd  it  thecoQfiru£lioii'«)f  the  fooC,  ThewddlepjipKe 
^  j«  Ih^Xmh  ni^rjc64  Ai  >>  joggled  into  the  kiqg-poA  of  iboffpf, 
and  (he  two  (crews  put  into  a^ioqraife  knpi^^/qfid  ^9ii|^it 
■•,th9 vMft'Of  the  Bttddtaor  iiink  part  o(  therool^  aU  iiiipch  is 
,  .^(ly  qompRebended  by  the  drawing. 

The  drawings;  fVg.  3,  Q^ew%  an  improjred  j^mi^  .of .^opn- 
t  ftni^ngihe  tf  ufsf  by  tiie  riders  A  A  A  A  ^ekig  Ikaqifd  oy0(^|he 
ti.yimcipi^t  :&h,.hy  which  ,ihe.s«ifing  fajews  mm^.m^fm iqrly 
4  iiipported  io  elevating  th^  ^f^n-pofis  C  C  i»  fho  ipff*. 

.;  This  miiA  be  a  valuably  ^perfment  in  the  ar>  oC-iOiq^eiitr j, 
-  ^Ufhf  confidering  how  little  ibienqe  of.  $1  &Uf  tifk^j^  k^^ 
^  it%T00eflbrff  cannot  be  too-mnch  r^gpidedL  ^    * 

lam^  DearSfa    • 

Your  very  obedient  fimrant, 

J.  C^  aORmX>W£R. 


}  JUmatb 


DRAIDINC    or  I.AK 


(f««ifUlMfil^/4>l|i,iyJ.aKHCHKISTUMCDK.VlK, 

^M-  f.   qf  Vorkinston-Hdl,  in  Cwtberland,  Kitk  a» 
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SiK. 
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.UCH  having  b«en  faid,  in  tlie  public  Pipers,  rolntii 
to  draining,  on  llm  improved  radhod  oF  Mt.  Elkiriglon,  1  beg 
icvra  10  oOer  you  Ibme  obr^rvatiuns  refpefiing  il,  which  have 
fallen  under  niy  notice,  ind  tvliich  tend  lo  prove  it  can  be  ap- 
plied, with  rncccri  nnly,  in  fuch  parts  of  Die  kinf^doia,  as  have 
few,  if  any,  inicrruption  iif  (he  ftrata.  In  oider  lomakc  my- 
felf  inlctligiblr,  it  mat  nut  be  improper  to  explain  what  tt  Dieanl 
by  interrupt  ions  nf  ihe  llrala,  or  dykes  and  filfuret,  a»  thirv 
SUV  denominated  in  mining  counlrles.  Tbey  are  pTaducml 
by  ih«  fraAureor  difjnion  ot  ihe  Araia,  andcnniifi  nioft  com- 
iDiitilv  ol  the  broken  Tragmenti  a{  each  (upcriur  flrala;  and 
tomrd*  the  furnace  are  of  fand,  gravel,  and  ftonc*,  whidi 
fetddm  at  never  tail  of  alt<jrding  confiderable  quMtlitiet  «rt* 
water.  Theft  dykes  ma)  be  approached  wil 
and  afford  no  water,  ai  will  be  (een  in  two  iniHnces  in  llie 
plan  fenl  you.  No.  3  ii  a  maiii  drain,  (bur  feel  dofp,  witicit 
priled  wittiin  a  few  yards  of  A,  an  extreme  wet  place,  and 
dtd'net  ailcft  il.  The  perfon  em  ployed,  fuppofed  the  wiUur 
to  be  tekiw  him,  and  brought  in  a  lower  level  No.  1 ,  whkh 
likewife  tailed.  N'n. 'i  wat  then  mude  ftill  lower,  but  witli 
no  better fiicce ft  than  N'o.  3,  though  with  more  advanln}^  of 
lend.  A>  Imni  at  il  cruiW  Ihe  dyke,  I  C,  but  before  Ihe 
le«d  ««i  bKiii(;lii  lip,  not  being  divper  than  ihe  main  drain, 
ilgot  aronGdCmbl*  feed^'.  This  proved  thai  an  intcrrup- 
liow  in  ijje  ftf«ta  prevenied  ihc  water  llnwii-g  into  a  dtatti, 
which  was  of  ii  d<>plh  otlietwilu  to  have  drawn  il.  .'^noif.'ifr 
example  occur;  iff  die  lame  field,  at  idler  S;  wlucb-i*  a 
funk  fence,  lour  teel  below  the  f'ui^e  of  Ihe  adjoining  field, 
^vhich  was  exUcniclj  wel  wilhia  a  few  jardi  ol  Ih-  ''■—'' 


Mt.  Elkingtan'] 

i  l>  ipplictble 
ily  where  (he 


Tlisfe  inleirup- 
i9  prmot  tb« 

ininjQffof 


:  funk 


*  T^'nn 'tK^  r)mly-K:caiiJ  rolumc  uf  rhc  Ti^rictions  cf  th( 
^ociciy  of  Aiti  i  who  awstrded  the  gold  mcdul  to  the  lullMr. 
,  Tha  plan  be  nfcr*  to  n  ii  tiieir  houle. 

Vol.  XII,— NovEMBEB,  ISOJ.  N  fence. 
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Experitnents  of  fence.     A  lower  level  was  funpofed  neceflTary  to  drain  ihFff 
^*  wat«;r,  and  it  was  obtained  vt  the  dotted  line.     No  water  of 

any  confequence  was  f;o(,  till  it  was  within  a  few  ^ards  of  the 
funk  fencOf  when  a  prodigious  feeder  vtfas.cat,<ai»d  the  head  of 
the  drain  was  not  fo  deep  at  tlie  time  as  the  funk  .fence.    Many 
indances  to  the  fame  eff^dl  might  be  produced.    In  fioking 
(hafts  in  places  much  troubled  with  WAtcr,  it  l&  endeavoured, 
if  circuradances  will  permit,  to  get  near  a.dyke,  which  fqrves 
The  drains  muft  as  a  barrier  to  the  water  ;  and  if,  in  finking,  the  djke  be  not 
ibeTket  ^'^'cronred,  the  water  Is  kept  clear  o(f;  but  if  oiherwife,  the  water 
would  be  got  at  any  depth,  though  not  in  fuch  quantities  as 
when  near  the  furface.     Ti)e  Ipot  of  ground,  to  which  I  have 
alluded,  has  above  a  dozcMi  dykeA,  which  may  be  traced  from 
the  oiit-burds  of  water.     They  run  in  a  direction  of  (butb  to 
iiorth-wefl.     I  have  made  my  drains  ead  and  wefi.     Id  one 
or  two  places,  I  wa«  obliged  to  run  a  drain  foulh.     This  pro- 
ceeds from  an  arm  running  from  the  d)ke;  but  this  feldon 
extends  to  any  dillani\",  and  they  gradually  decreafe  till  they 
ond ;  and  thev  rather  make  an  interruption  thaa  a  br«akagie 
of  the  flrala,  as  the  Hrala  is  the  fame  on  each  fide  of  it^ .  lo 
fuch  a  country,  Mr.  Eikiugton  could  draw  no  more  water  than 
what  Jay  in  llic  uninterrupted  Orata  between  anj  two  of  ibefe 
Defcr'iption  of     dykes.     The  nietliod  ol  making  the  drain  is  explained  by  the 
ferenwto  the  "  ^"fjraving,     I  had  twenty  years  ago  drained  this  ground  with 
drawing.  Hone  drain-;,  from  20  inches  to  two  feel;  but  their  diredion 

having  been  modly  from  north  to  fouth,  and  not  fufficientlv 
deep,  I  had  got  little  more  than  the  day  water.  The  feeder 
which  I  have  now  got,  might  be  made  applicable  to  J&any 
purpofes.  The  drains  are  from  two  feet  to  nearly  five  feet 
deep.  I  have  made  GOOO  yards  in  the  lad  twelve  months; 
the  cutting  from  14-d.  to  I8d.  per  rod,  filling  8d.  ten  and  a 
half  (ingle  cart-loads  of  ftones,  at  9d.  each,  making  the  coft 
10.<.  per  rod.  The  cxpence  apjiears  great ;  but  £ewer  drain? 
are  required,  and  the  work  U  effcclually  done.  By  reference 
lo  the  plan,  it  will  be  fecn  that  the  diro61ion  of  the  drains  not 
being  able  to  draw  the  upper  water,  I  was  obliged  to  extend 
them.  I  would  advife  bt.*ginning  at  the  highcfl  levej ;  for 
frequently  that  clears  the  whr.lc,  unlcfs  fome  dykes  intervene 
Springs  of  water  in  a  contrary  diredion.     I  bulieve  that  all  fprings  and  out* 

STm**  ^^^      ^"^^'  ^^  ^'^^^'^  proceed  froni  dykes.     The  extent  of  thefc  is 
various.    Some  may  L>e  (raced  for  many  miles,  and  their  effeAs 

ieea 
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feen  from  the  water  that  appears  on  the  furface.  Their  origin 
is  fcarcely  perceptible,  and  they  thicken  to  many  yards  as 
they  are  approached.  The  ftrata  on  both  fides  have  a  mtMre 
*ni|iid  rife  or  dip,  arid  afe  of  a  clofisr  and  harder  texture.'  If 
theie  obferi^atidhs  lippear  to  you  vrorthy  of  attention,  you  tnay 
make  vrliat  ofe  you  think  proper  of  them.  I  by  no  means  wHh 
to  de^raft  from  Mr.  Etkington's  merit ;  but  it  is  not  generally 
applicable ;  and  tn  counties  where  the  (Irata  are  much  broken, 
Mr.'  Elkington's  plan  will  be  found  to  fail; 

I  am.  Dear  Sir» 

....  •  i» 

Your  obedi<int  fervant, 

J.  C.  CURWEN. 
Feb.  3,  1804. 

Mr.  Charles  Taylor. 

P.  S.  The  higheft  drain  is  120  feet  above  the  level  of 

No.  3. 

A  certificate  from  Mr.  William  Hoodlefs,  farming  agent, 
accompanied  this  letter,  dating  that  upwards  of  ^x  thoufand 
yards  of  drains  had  been  cut,  and  completely  filled,  on  the 
farm  of  John  Chriftian  Curwen,  Efq. ;  that  the  fifril  dt^his 
made  according  to  that  plan  were  done  three  years  ago ;  fend 
that  they  ftand  completely,  and  anfwer  an  admirable  purpofe. 

Rtference  to  Fig.  5,  Plate  XI.  qf  the  Maimer  in  which  Mr, 

Curwkn's  Drains  are  made. 

The  lowed  part  of  the  drain  below  £  £  is  twelve  inches 
wide. 

E  E  4  4  are  the  two  fide-ftones  of  the  drain,  nearly  four 
inches  thick  and  nine  inches  high. 

F  9  is  the  aperture  for  the  water,  nine  inches  high. 

jy,  the  flag  or  thin  done  over  the  aperture,  and  which  covers 
the  nde-[K>nes  of  the  drain. 

C  C,  the  body  of  the  drain,  filled  with  loofe  flones  till 
within  nine  inches  of  the  furface. 

B9,  (he  top  of  the  drain,  twenty«two  inches  wide  and 
nine  inches  deep,  filled  with  grafs  fod  and  foil. 


N  2  Remarks 
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'  nmarii  ok  a  Letter  qf  iifr.  Da  ltoVi  comxmmg  ^ke  J^a^m^ 
^  Denfi^qf  WqUr  \  xiiik  an  Accnwut  (ffiwo.  E^^pajmcf^  ^^r, 
'^OTiti* tending  tojhew  that  it  ffik^  J^c ut  ftTpftpetigtjvre 
above  tkefreeting  Point.    Ja  a  Letter /ram,l!^l.'Si^,  ^ ! r  ~ 

to  Mr.  Nicholson;   .       \,!V 

SIR, 

JJj^j^^^  In  No.  45  of  your  Journal,  page  26,  Mr.  Dallon  has  pub- 
letter,  liihed  fome  remarks  upon  Count  Romford's  experimtfhtit«  re- 
lating to  the  maxim om  denfity  of  water,  where  he  explains 
the  rifing  of  the  thermometer  hi  the  cap^'by  obfovinglBat 
It  acquired  heat  by  the  proper  conducing  power  of  water. 
This,  t  Ihould  think,  it  by  no  means  prol»ble;  for  the  con- 
duAing  power  of  water  is  not  fuflicient  to  produce  fuch  a  rapid 

CuCCi* 

The  circumftances  of  the  two  thermometers  by  tlie  fide  o  f 
the  ball  and  cup,  in  the  Count's  two  firft  experiments,  I 
think  are  perfedly  confident  with  his  principle;   the  cpp* 
very  probably,  did  overflow,  which  might  have  been  afeer* 
lained  by  a  thermometer  placed  below. 

In  the  conclufion  of  this  letter  Mr.  Dalton  expreifes  a  wift 
that  Count  R.  or  fome  one  in  pofTeflion  of  a  fimHar  apparatus, 
would  repeal  the  Count's  firft  experhnent,- with  this  difference, 
that  the  ma&  of  water  fhould  be  at  40?  and  the  ball  at  32^ 
10  which  cafe,  he  laysi  the  thermometer  would  not  be  at  all 
afie6ted  on  the  Count's  principle ;  neither  would  it  be  aflfeded 
(on  Mr.  D.'s  principle)  if  the  tenacity  of  the  water  ^ounler- 
a^s  the  force  of  defcent :  and  what  conclufion  could  be  drawn 
from  fuch  a  variation  of  (he  experiment  ? 
Esperimentsof  .  The  following  eapertmeot  was  made  by  Dr.  Hope,  |^o- 
Dr.  Hope.  fefloj  of  chemiftry  in  Edinburgh,  to  afcertstin  the  p<^ttt  at 
which  water  has  the  greateft  denfity, — and  it  appears  to  We 
to  be  perfe^y  decifive.  "  '  '  . 

He  filled  a  jar  with  ice-cold  water,  and  expofed  It  (o  the 
air  of  a  room  at  52^ :  he  fufpended  in  it  two  very  delicate 
thermometers,  one  at  half  an  inch  from  the  bottom,  and  the 
other  at  the  fame  diflance  from  the  fur  face  of  the  water :  the 
thermometer  neareft  the  bottom  was  firfi  affefied,  and  con- 

5  tinned 
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'iinoed  lo  rife  (ill  il  reached  the  (emperalure  of  40^,  wlien  tl 
,  became  llationary  ;  llie  ihermoroek-r  at  lh«  furfuce  rufe  more 
(lowly,  bul  did  not  (lop  till  H  acquired  llie  len)[>eralme  of  the 
K»IB   (52*). 

D(-  Hope,  lo  render  l!ii«  pwnt  ftill  clearer,  cxpofed  )Miter 
at  5^  lo  Ihc  »ir  of  a  room  32^  ;  tlie  rcfull  corrrfponded  per- 
fectly wiMi  ihe  former  experimenl. 

If  you  fee  no  otyej^igu  lo  iha  publicftlion  of  tliii  letter,  by 
inferting  il  in  your  Journal,  you  ivill  oblige  *, 
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T.  I. 


vin. 

Obfinntiont  u"d  C-yednrti  relative  to  ihe  Jhppnjed  ff'^^ 
Indium  in  llie  wrjicrn  Puits  of  North  America.  RepuU^ed 
/rorti  ihe  "  Kitiiucky  Palladiam,"  with  additional  Rc^uflff 
mnd  Co^'tSura,  fry  tfic  Editor  vf  the  fhHadt^hia  Med/fff^ 
t^d'Phy/tcal/oicronl  f .  , , 


jNo  ciriuxofiawe  relating  lo  (he  hiftory  of  the  Weflwn  TridHlowl  k- 
CouBlfy,  pmbaW)  lja»  dKctlctJ.  al  differont  liniM,  nww  go- "^"^J ^'° /^V^ 
neral  alien Uo It  ani.1  ajixiout  ciiiliifily  than  the  opinion,  Ihat  fup^iofEd  to  hirs 
analionof  white  uicn,  ip.^.,.^  ihc  Welch  knguag*.  K*<te  ^'S^"<"'»'" 
bi^li  up  on  itit:  M>lluufi.     H;  luiiie  tlie  idea  is  treated  a»  no. 
thing  but  Ihc  t'ugticllion  of  bold  impDllure  and  eafy  crednlily  ; 
whillt  utheii  regard  il  ai  a  lad  luUy  auUieDllcalcd  by  Indmn 
K'fiJmony  and  llie  lepoftuf  various  iravclLcti  worlhy  uf  credit. 
The  la^  'k  accounted  lor,  lliey  fay^  by  recurrieg  lo  a  paOagfl 
in  th^  iiiRory  of  Great  .fitilain,  wlikh  reJatcE,  that  <evera| 
years  after  |lie  ^lifcovery  of  Aoiciic&bjr  Chtillaphur  Columbm* 
a  certain  Wilth  priiicu  embarked  Irun  hii  native  confli^ 

t«itb  a  large  parly  of  etiugranu;  (bat  aflertbnie  time,  a  vclfei 

•  ft,  fuller  ac(DU|it  of  ibc  late  cKpcTiaicnU«f£r.Ilup»«rUl.lK 

jjiftrlcd  when  ihc  Edinburgh  T(aiifa^i«p*jpKf»r.,.i.,  ]■,.   >'i     -i.v 
t  j;xtraflrd  from  that  Work,  Vol,  il.  fart  I.  .     .  ■    ■, 
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Traditional  ac-  or  two  came  back  wilb  the  aocount  that  th^  had  difcoirered 

^""^/^^^^^acduntry  (kr  to  the  wed  ward,  and  that  theyfet  fai!  again  with 

fuppofjd  to  havi^ailirefli  ^ttlnforcement^  and  net er  returned  agarn  -any  aK>re.  • 

onjnatedfrom       j^^  countrj  which  thefe  adventurers   difcovered,  U  kai 

been  fbppofed,  was  the  continent  of  North  America;  and  it 

has  been  conjedured  that  they  landed  on  the  continent^  (bilfe- 

where  in  the  Gulf  t>f  Mexico,  and  from  thence  proceeded 

fiorf  hwardy  till  thej  got  oat  of  the  reach  of  the  hoflile  natire«p 

and  feated  themfelvei  in  the  upper  coonlry  of  MifTouri* 

Many  accounts  accordingly  have  been  publilbed,  within  the 
lafl'thhij  jears,  of  perfens  who,  in  confequence  either  by 
accident  or  the  ardour  of  coriodtyy  have  made  themfelvct  ac- 
quainted with  a  nation  of  men  on  the  MilTuuri,  polTeffiDg  the 
complexion  of  Europeans  and  the  langoage  of  Welchmen. ' ' 

Could  the  fad  be  well  eftabli(hed»  it  would  afford  perhaps 
the  moft  fatisfadory  folution  of  the  difficulty  occafioned  by  a 
view  of  the  various  ancient  forlificatioos  with  which  the  Ohio 
country  abounds,  of  anj  that  has  ever  been  offered.  l*bofe 
fortifications  were  evidently  never  made  by  the  Indians.  •  The 
Indian  art  of  war  prefents  nothing  of  the  kind.  The  proba* 
bility  too  is  that  the  perfons  who  confiru6ted  them  wore*-  at 
ikmi  time,  acquainted  with  the  ufe  of  iron :  The  iiluation  of 
thefe  fortifications,  which  are  uniformly  in  the  moil  fertile 
land  of  the  country,  indicates,  that  thofe  who  made  iheai 
were  an  agricultural  people;  and  the  remarkable  care- and 
ikill  with  which  they  were  executed,  affords  traits  of  the 
genius  of  a  people,  who  relied  more  on  their  military  ikril 
than  on  their  numbers.  The  growth  of  the  trees  upon  them 
is  very  compatible  with  the  idea  that  it  is  not  more  than  tbk^ce 
hundred  years  ago  that  they  were  abandoned. 

Thefe  hints  however  are  thrown  out  rather  to  excite  en- 
quiry, than  by  way  of  advancing  any  decided  opinion  on  the 
fubjed.  Having  never  met  with  any  of  the  perfons  who  had 
feen  thefe  while  Americans,  nor  even  received  their  teftimony 
near  the  fource,  I  have  always  entertained  confiderable  doablt 
about  the  fad.  Laft  evening,  however,  Mr.  John  Cbilds 
of  J^ffamine  County^  a  gentleman  with  whom  I  have  been 
long  acquainted,  and  who  is  well  known  to  be  a  roan  of  ve* 
racity,  communicated  a  relation  to  me,  which  at  all  events 
appears  to  merit  ferious  attention. 

After 
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After  he  had  related  it  in  converfation,  I  requeiled  him  to  Traditional  ic- 

1    r        cooot  of  inhui* 
repeat  it,  and  comnaiited  it  to  writing.     It  has  certftimy  iome  ^^^  ^^ ^^^o^,^ 

internal  marks  of  authenticity.   Theconnlry  which  is  dofcribed/op^fed  to  haw  | 

was  altogether  ilnknown  in  V.rginia  when  the  relation  was  JJIJ^^^  .       / 

giv^n,    and   probably  very  little  known  to  the  Shawneea 

Indians.    Yet  the  account  of  it  agrees  very  remarkably  with 

^ater  difcoveries.     On  the  other  hand,  the  ftory  of  the  iarge 

ailimal,  though  by  no  means  incredible,  has  foraethiog  of  the- 

air  of  fable,   and  it  does  -not  fall$fa6lorily  appear  bow  the 

long  period  which  the  party  were  abfent  was  fpent*^  thotigb 

Indians  are,  however,  fo  much  accadomed  to  loiter  away  their 

tiaie.  (hat  many  weeks,  and  even  months^  may  probably  have 

been  fpent  in  indolent  rcpofe. 

Without  detaining  yo8  any  more  with  preliminary  remarks 
I  will  proceed  to  the  narration*  as  I  received  ii  from  Mr« 
Childs. 

Maurice  Griffith,  a  native  of  Wales,  which  country  he  left 
when  he  wa<(  about  (ixteen  years  of  age,  was  taken  a  prifoner 
hfk  party  of  Shawnees  Lidians  about  forty  years  ago,  near 
Voflbs  Fort,  on  the  head  of  Roanoke*  river  in  Virginia^  and 
carried  to  the  Shawnees  nation.  Having  (laid  there  aboat 
hwo  years  and  a  haU^  he  found  that  five  young  men  of  the 
tribe  had  a  defire  of  attempting  to  explore  the  foarces  of  the 
MifTouri.  He  prevailed  upcin  them  to  admit  him  as  one  of 
the  party.  They  fct  out  with  (rx  good  rifles  and  with  6x 
pounds  of  powder  a-plece,  of  which  ihcy  were,  of  courier 
very  careful. 

On  reaching  the  mouth  of  tlie  MifTouri,  they  were  (Irncfc 
with  the  extraordinary  appearance  occafioned  by  the  inter- 
mixture  of  ihe  muddy  waters  uf  the  MilTouri  and  the  clear 
tranfparent  element  of  the  MifHATippi.  They  flaid  two  or 
three  days  aimifing  tliemfelves  with  tlve  view  of  this  novel 
fight :  they  then  determined  on  the  courfe  which  they  (hould 
purfuti,  which  happened  to  be  fo  nearly  in  the  courfe  of  the 
river,  that  they  frerjuently  came  within  fight  of  ii  as  they  pro** 
ceededPon  their  journey. 

Aiter  travelling  about  thirty  days  through  pretty  farming" 
wood  land,  (hey  came  into  fine  open  prairies,  on  which  do*^' 
thing  grew  but  bng  luxuriant  grafs.  Tliere  was  a  fucce(fion' 
of  thcfe  varying  in  fize,  fome  being  night  or  ten  miles  acrofs* 
l)ul  one  of  them  fo  lung  thai  it  occupied  three  days  to  travet 

ihrougli 
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Traditional  ac-  through  it.  In  paffing  through  this  lar^ e  prairie,-  they  were 
S^S'Jf  A^crit'""^'^  diftreffed  for  water  and  prt)vifion«,  for  they  faw  neither 
fuppofed  tojiave'beafi  nor  bird ;  and,  though  there  was  an  abundance  •(  lalt 
W^^*^^*^  fprings,  frefti  water  was  very  fcarce.  In  one  of  Ihefe  pnkies 
the  Talt  fprings  ran  into  fmatt  ponds,  in  whicbi  as  the  l^eslher 
waf  hot,  the  water  had  funk  and  left  the  edges  of  the  poads 
fo  covered  with  fait,  that  they  fully  fupplied  ttiemfelvei  with 
ihat  article,  and  might  eafil y  have  collefied  bufliels  of  lU 
As  they  were  travelling  through  the  prairies  they  had  like- 
vi'ife  the  good  fortune  to  kill  an  animal,  which  was  oine  or 
ten  feet  high,  and  a  balk  proportioned  to  its  heighth.  They 
had  feen  two  of  the  fame  fpecies  before,  and  they  faw  foor  of 
them  afterwards.  They  were  fwift-footed,  and  they  had  nei* 
ther  tufks  nor  horns.  After  having  paffed  through  the -Jong 
prairie,  they  made  it  a  rule  never  to  enter  on  one  which  tbey 
could  not  fee  acrofs,  till  they  had  fupplied  themfclves  with  a 
fufliciency  of  jerked  venifon  to  lad  feveral  days. 

After  having  travelled  a  confiderable  time  throngh  the  prai- 
ries, they  came  to  very  extenfive  lead  mines^  where  tkey 
melted  the  ore*  and  furniflied  themfelves  with  what  lead  diey 
wanted.  Tbey  afterwards  came  to  two  copper  mines,  one 
of  which  was  three  miles  through  ;  and  in  feveral  places  Aey 
met  wit!)  rocks  of  copper  ore  as  large  as  houfes. 

When  about  fifteen  days  journey  from  the  fecond  copper- 
mine,  they  came  in  (ight  of  white  mountains,  which,  though 
it  was  in  the  heat  of  furamer,  appeared  to  them  to  be  covered 
with  fnow.  The  fight  naturally  excited  con6derable  aflo- 
niflmient ;  but,  on  their  approaching  the  mountains,  they 
difcnvcred  that,  infiead  of  fnow,  they  were  covered  with  im* 
menfe  bodies  of  white  fand. 

The}'  had  in  the  mean  time  paHtfd  through  aboat  ten  nations 
of  Indians,  from  whom  tliey  received  very  friendly  treatment. 
It  was  ihe  praAicc  of  the  paity  to  exercife  tlie  office  of  fpokef* 
man  in  rotation  ;  and  vihen  the  language  of  any  nation  through 
which  tbey  paffed  was  unknown  to  them,  it  was  the  doty  of 
the  fpokefman,  a  duty  in  which  the  others  never  interfered, 
to  convc}'  their  meaning  by  appropriate  figns. 

The  labour  of  travelling  through  the  deep  fands  of  the 
fDOuntain.';  was  excefTivc; ;  but  at  length  they  relieved  them- 
felyes  of  this  difilcuUy,  b)  following  the  courfe  of  a  (ballow 
river,  the  bottom  of  which  being  level,  they  made  their  way 
U>  the  top  of  the  mountains  with  tolerable  convenience* 

AAif 
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After  pafllng  the  mouoUin;  tbcy  cnlered  2  fine  Tisilile  ItaQ  Tndiiidml  «._ 
or  land,  whi(;li  l.a.hg  irjiveJkd  llirougb  fiir  feveial4»>s.  Ilicj  J,;"'^,,''^*;!;^ 
suxidcnully  mm  i.viih  iliree  while  mui  in  iKc  indiaii  dteii.  fupp.iH  to  )<»« 
Griffiih  immediately   undudiood  ilicir  bujjtiaiie.   a*  it   «« ^*'""°^ '^^ 
pure  Welch,  Ihungli  ihey  ocwftonallj  made  v,ic  tii  a  lew  w  or(Js 
>willi  wliidi  ite  was  not  scquainiuii.    Hunever,  ai  il  l>appt:ned 
10  be  [ti«  liun  o/oiie  of  lii<  Sluwnci-i  eompamoiu  (0  ad  «» 
rpoLefnian  w  iiikfjireter.    I.p  preleiicil  a  ptoitiund  filew*. 
and  never  j^ave  thum  any  imnpaiiun  Uul  be  undcifteod  0te 
laofa»ge  of  their  new  coropanioni.  ^    , 

After  firpceeding  wiih  ihem  fuiir  or  five  daysjdurnej,  Uiey 
came  lo  ihc  village  of  ihefc  white  men,  where  ibej  found 
ibaljhe  w)i«le  naliun  wai  of  ihu  fame  culuur.  having  all  l|)e 
£uFot]eaii  comjilexion.  The  ihree  men  took  ibem  Ihcougb 
Ihetf  villages  fur  about  llie  (pace  of  fifteen  m^IcK,  when  ihejr 
CBtsG  lo  the  cDuficilJiuura,  at  Mhich  an  alfcoibly  of  (he  king 
and  chief  mvu  cf  Uic  naliuii  was  immediiilel^  held.  The 
council  URvti  ihtee  days,  and  a<  ilie  flfangen  w<ue  nut  fup- 
pofed  lo  h<i  acquAiuled  wiib  their  language,  they  wx're  fuf- 
faretl  to  be  ptefent  at  their  deiibeialiuna. 

The  greil  t|>u;Uian  befute  the  council  wai.  what  condud 
&attlU  be  obfrived  towards  the  fliaiigers.  From  ihcir  (ire- 
arni<i  Ihcrr  knives  '"d  their  (ouiahankt,  il  wai  conclu'lcd  lliat 
liiey  were  a  war  like  people.  Ii  waa  conceived,  that  llirj  were 
(cot  lo  look  out  for  a  counliy  for  Ibeir  naiionj  that  if  lliey  were 
fufTered  to  rfluro,  they  ang'^i  ex^i:&  a  body  ol  powcrlul  in> 
xadcf*;  t>ttt  iliat  if  ihele  lix  men  were  put  lo  dcslli,  nothing 
would  be  known  of  their  country,  gpd  they  would  fiili  enjoy 
<hdr  pofiellioni  in  fecurity.  It  was  finally  dcleimined  that  ihey 
(liOoUl  be  put  10  death. 
'  GriSilh  then  Ihought  it  wa«  lime  for  him  lo  fpcak.     jAe  ad. 

I        dielTed  the  council  in  ihe  WelAi  language.  He  irformud  (jiein, 

I  Ihat  ibey  had  not  been  fenl  by  any  nation;  tii:it  ihcy  Were 
)t  sduBled  merely  by  private  curioliiy,  [bey  had  no  bofiile  in- 
'l  lontions;  that  it  was  tlieir  wilh  lu  trace  ibe  MilToiiri  to  ill 
L  fource;  and  that  they  IbuuM  rclmn  to  ihcir  niunlry  fali^ficd 
,  with  the  difcovetiei  iliey  had  made,  wilhuui  any  wifii  lo  dif- 
|t  lurb  Ibe  repofe  of  Ibeirnvw  acquaintances, 
\r  An  indanLaltoniiUimenl  glowed  iu  the  countenances,  not  only 
y      wf  ihc  council,  bill  of  hU  Shawn«i  companion*,  who  clearly 

II  i»\ii  ibal  be  »»! uitdei Quod  by  llie  peo[i]e  ot  ih^  (^9i")^l:  ^"^ 

cdnodeacii 
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Traditional  ac  Confidence  was  at  once  given  lo '  hii  declarations;  the  king 

couac  of  inhibi.  a^dy3„^^  *"^  S^^®  him  his  hanJ.    Thej  abAVUktaed'  Cte  de- 

fuoMfjui  CO  have  ^^gn  of  putting  him  and  hrs  companions  to  deMh/\ahd  fhMB 

originated  (nm  fbat  moment  treated  him  with  the  atrooft  friendlhfp.    GrilMi 

^*^^  and  the  Shawnees  continued  ei^  months  in  the  fiatkm;'  btot 

were  deterred  from  profecuting  their  refearches  up  ttle  Mit 

fouri  by  the  advice  of  the  people  of  the  cduntry/ w^ho-  ikw 

formed  them,  that  they  had  gone  a  twelve  month V  jooifi^ 

up  the  river»  but  found  it  as  large  there  as  it  was  in  th«tr\ilfM 

country. 

As  to  the  hifiory  of  this  people,  fie  oonM  learn  nothing  fit- 
ttsfaftory.  Tlie  only  account  they  could  give  was,  that  their 
forefathers  had  come  up  the  river  from  a  very  diftant  country. 
They  had  no  books,  no  recordsi  no  writings.  They  inter- 
mixed wiili  no  other  people  by  marriage,  there  was  not  a  dark* 
fkinned  man  in  the  nation.  Their  numbers  were  very  cotafi^ 
derabie.  There  was  a  continued  range  of  fettlemenls  on  Ih^ 
river,  for  fifty  miles,  and  there  were  witliin  this  fpace  three  largft* 
water-courfes  which  fell  into  the  Mitfouri,  on  the  banks  of  each 
of  which  they  were  likewife  fettled.  He  fuppofed'that  tblSie- 
muft  be  fifty  Ihoufand  men  in  the  nation  capable  of  bearing 
arms.  Their  cloathing  was  (kins  well  dretfed.  Their  hoofet' 
were  made  of  upright  pofls  and  the  barks  of  trees.  Tbe  only 
implement  they  had  to  cut  them  with,  were  flone  tomahawks; 
tliey  IvaJ  no  iron.  Their  arms  were  bows  and  arrows.  They 
had  fome  filver  which  had  been  hammered  viitli  (iones  into 
coarfe  ornaments,  but  it  did  not  appear  to  be  pure.  They 
had  neither  horfes,  cattle,  (heep,  hogs,  nor  any  domed ic  nor 
tctme  animals.  They  lived  by  hunting.  He  faid  nothing  about 
llieir  religion. 

Griffith  and  his  companions  had  fome  large  iron  tomahawks 
with  them.  With  thufe  they  cut  down  a  tree  and  prepared 
a  canoe  to  return  home  in  :  But  their  tomahawks  were  fo  great 
acurioiity,  and  the  people  of  the  country  were  fo  eager  to 
handle  them,  that  timir  canoe  was  completed  with  very  little 
labour.  When  this  work  was  accompliflied,  they  propofed 
to  leave  their  new  friends :  Griffith,  however,  having  pro- 
mifed  to  viflt  them  again. 

They  dcfcended  the  river  with  confiderable  fpeedf  but  araidfl 
frequent  dangers,  from  the  rapidity  of  the  current  particularly 
when  paQing  through  the  white  mountains.  When  they  reached 

lh« 
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tile  Stmwnees  motion,  Ihey  had  bcenabfent  about  two  years  Traditional  ac- 
^ndabtirA.   -Griffith  fuppofed  that  wheo  !»»«/. ^Wj^Upd.lheyJ^^^J'^f^*^^ 
w«ii(-tf(:(^e  caile'of  about  fifteen  noiles  per  day.  ,  v  rapfpTed  id  h»ve 

He  ftaid  but  a  few  months  wtib  the  lodians.after  hU  return;  ^^'•■***  ^"^ 
at -«  fiivotffftble  opportunky  offered  itfelf  to  htm  to  reach  bis. 
friends  in  Virginiai  He  cmme  with  a-  hunting  parly  of  Indians 
lo^khe  head- waters  of  CoaUriver-^  which  runs  in (o-^New- river 
nol  far  ^bove  ihetfalh.  There  he  Ie£l  the  Stmwnees  and  eafiiy 
reached  the  fetllements  on  Roanoke. 

Mr.  Childs  knew  him  before  he  was  lokcn  prifoner,  and 
lisvr  hiai<a  iew  days  after  his  return,  when  he  narrated  to  bHm 
the  precodini;  circumfiances.  Griffith  was  univerfally  r«* 
garded  as  a  Heady  honed  man,  and  a  man  of  Ari^  reracily . 
Mr.  Childs  has  always  placed  ihe  ulmoft  confidence  in  hik 
account  of-  himlelf  and  his  trav.cls^  and  has  no  more  doubt 
of  the  truth  of  iiis  relation,  than  if  he  had  feen  the  whole' 
himfelf.  Whether  Gri&lh  be  ilill  alive  or  not  he  does  not 
know. 

Whether  his  ideas  be  corre£t  or  not,  we  (hall  probably  have 
a  better  opportunity  of  judging  on  the  return  of  Captains 
Lewis  and  Clark ;  who^  though  they  may  not  penetrate  as 
hg  as  Griffith  alledged  that  he  had  done,  will  probably  learn 
enough  of  the  country  to  enable  us  to  determine  whether  the 
accottot  given  by  Griffith  be  fidlion  or  truth. 

1  am.  Sir, 

Your  humble  fervant, 

HARRY  TOULMIN. 
Frankford,  Dec.  12,  1S04. 

>  Aiditional  Obfervatiom  and  ConjeBures  bjf  (be  Editor^ 

THE  ftory  of  a  Welch  colonization  of  America  has  elicited  * 
much  coriofity,  both  in  Europe  and  the  United  Slates :  By 
many  H  is  believed,  while  by  others' h  is  tlmught  unworthy  of 
any  attention.  By  reafon  of  the  prefcnt  rapid  prugrefs  of  fel- ' 
tlvoxent  in  America,  the  time  cannot  be  remote  when  the 
(fotbor  faliity  of  this  (lory  will  be  completely  eflablilhed.- 
In  the  meanwhile  I  do  not  hefitate  to  conjedlure,  that  notraccM 
of  tfi€  dtfcendanit  of  ike  Wdch  prince  iiHl  ever  be  difiovered  in 
the  xufitrn  parts  of  North  America, 

It 
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Tradition^  ac-  It  may  not  be  im(>roper  to  no^Ke  the  Ufe  jipoo.  which  To 
cwntotjnhibi'xnMy  perfoDs  in  Europe  at, Ipaft  refi,tbei,r.  b^)^  of  j^viD|^ 
fuppofed  to  him  in  the  mod  (atisTafiory  manper,  that  the  V^fdifb  bav9  C0iV> 
oripnated  ftifu  tributed  to  the  peopliag  of  Aoaeiica. 


•  •  f  f  •  •-' 


'David  PoweI»  a  ]\Velqh  hi^odap,  iriCfH|i^„psA  jU^.qf^^ 
deceafe  of  Owen  Gujnelh^  lung  gf  ]^ortl^;Wjilp«»  A  JifpcM 
arofe  nmong  his  fons  concerning  the  fqcc^flioD  Jl9  ,|be  ^o^  j 
and  that  Madoc  or  Madcg^  one.  of  the  foot^  *'  wwj^jtf,!^ 
contention^  betook  bimfelf  to  fea.  in  queft  gf.a,  iiiUf«,q4iio( 
fettlement  *•''  We  are  informed^  that  "  he  fibred  d«e.  m0lt, 
leaving  Ireland  to  the  north,  and  arrived  in  9fi  jjioknowai 
country^  which  appeared  to  him  To  di^firable,  thal.hq  idb^mA, 
it  Wdef,  and  carried  hither  feveral.of  his  adheremts  ami  com* 
panions.  After  this  neither  Madog  nor  his  compa^ipQi  jwoce 
ever  heard  of  more.  The  voyage  of  Madog  i|  (iiid.i|l  Jbiftve. 
been  performed  about  the  year  1170.  .:  ^. 

I  have  not  feen  Fowel's  work,  but  I  Ifarn.  tiyt(ithi^.j[liftl>. 
rian,  who  lived  in  the  reign  of  Queen  Elizabeth^  un^  coptlh 
quently  at  a  great  difiance  of  time  from  vh9..eveot  whjph  be 
records,  adduces  no  better  authority  in  fupport.p/,th<e,  v«gfi|g9i 
than  a  quotation  from  a  Welch  poeta  ."  which  jprsvcs  no  mp^ 
than  that  he  (Madog)  had  dimnguifhed^himfi^f  i^jf  fea  j|^, 
landf/'  Some  few  Welch  words«  fuch  asgurondl^^tahwhw- 
or  1i(len»  &c.  are  very  feebly  or  unfortunately,  ad^uc^  bj- 
Powelj  as  circumftances  favourable  to, the  trutii  of  the  Welch 
emigration. 

When  we  cohfidcr  **  that  the  Welch  were  never  a  naval 
people;  (hat  the  age  in  which  Madog  lived  was  peculiarly  ig*> 
norant  in  navigation;"  that  the  cnmpafs  was  then  unknown; 
I  he  flory  of  (he  voyages  of  the  Wclcii  prince  muft  I  think  be 
confidered  as  extremely  improbable.  I  am  of  opinion  with 
Mr.  Pennant,  that  "  the  mofl  which  they  could  have  attempted 
mud  have  been  a  mere  coafling  voyage."  , 

But  it  may  be  faid,  we  mufl  appeal  to  fads;  and  thatiil*. 
dependency  of  the  verfes  of  the  Welch  poet,  and  the  argn* 
ments  of  the  Welch  hiflorian,  it  fcems  highly  probable  t4iat  a 
colony  of  white  people  who  fpeak  the  Welch  language^,  clott 
^ftually  exift  in  the  wefiern  parts  of  North  America. 

*  Dr.  Robertfon. 

-f  Pennant's  Artie  ^oplogy,  Introdufiron,  pt  cclxfii.  iccf 

I  cimnof^ 
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■     !  cannol.  I  muft  confefs,  idojA  ihis  opinion.   I  readily  allow,  TrsJlilBiul  «. 

f  (lat  ih*  tcbilons  puMinied  by  Mr.  Toolmln  aoci  many  oihcr  [^nrf'j^^^ 
lii^rfoiis,  bolh  in  Europe  and  in  America,  are txlreuiely  curious,  riqipaf Ml  a> lute 
Hut  Ihelc  telBlioni  are  very  inconrident  wirti  ooc  another,  S'^"'**  ^™ 
|iart^l^ly  in  what  relates  (o  the  actual  ftatcof  improvemenL 
ii(  thh  Tupfiorcd  WelHimen,  By  Tome  wc  are  lold  they  are 
'rciyht  advanced  in  improx-emenl;  by  olhers  that  their  m- 
lirAvemcnt  la  mi  at  all  greater  than  that  of  the  Red-men  or 
Illdbns  of  America.  At  one  lime,  they  are  fald  lo  be  in  pof- 
It^flioii  of  raanurcript;  [and  even  printed  book))  at  another  lime 
woihing  of  lliit  kind  U  found  among  them.  It  muft  be  con- 
tttkd  llml  Maurice  Griffith's  relation  is,  in  feveral  refpefti. 
more  plaufibte  ili;in  lliat  of  any  preceding  traveller;  but  it  i* 
*nil  unmcamberi-d  with  inconriflencit;!,  whicli  I  do  not  deem 
HnFceffary  lo  notice  in  ihi*  place.  Hi!  afTerlion"  that  the  while 
men  of  the  Milfuuri  fpeak  pure  Welch,"  even  (hough  ihi)  affef- 
lirtn  bcqualified  by  the  obfeTVaiionlhai  "they  occalionallyiiiaks 
life  of  a  fpw  words  with  which  he  was  not  actjuainted,*'  is  lo 
me  one  of  the  moll  improbable  lliingt  lliat  have  ever  been 
relsled  of  ihefe  people.  Hi<  (ilencu  about  thtir  religion  is 
aliogether  inexmfjble.  One  would  fuppofe  that  a  perfon  ol' 
Griftiih'it  inquiGiivelurn  of  mind,  would  liardly  have  omitted 
10  idake  fome  inquiries  refpe6\ing  llie  religious  inflitutionsof  « 
pbOple,  wliom  he  conlidered  as  his  countrymen.  If  Ihefc 
])eDple  be  the  defcendants  of  Madog,  fame  tracer  of  the  Chrif- 
(ian  religion  may  be  expefled  lo  be  difcerned  among  them  ; 
for  T  think  il  requires  many  centuries  to  entirely  elTice  from 
tha  memory  of  a  people  all  velligesof  their  religion,  efpecially 
Jtnm  a  people  lo  teiiadoat  of  their  language,  and  fo  little  dil- 
pnfed  to  inletmix  with  fheir  iieighbouit,  a>  the  Wekh  Indiant 
are  reprcfienied  to  be. 

'  Rut  Griffith's  relation  is  I  think,  worthy  of  foine  a1lcnli(»i. 
1  even  lliink  it  not  altogether  iinpiobablo  that  future  refeaichei 
wTil  enablilli  the  fafl,  thai  there  docs  exifl  -n  the  weiltin  parts 
of  North  America  a  rsce  or  nation  ol  men,  wh»(e  compltsion 
if  Tnuch  fdiier  than  thai  of  the  furrounding  tribes  of  Indians, 
an'd  who  f|>eak  a  Ijnguage  abounding  in  Welch  or  Celtic 
words.  But  the  cnmpldc  eflahlifhment  of  ihefe  two  piiintt 
would  not  prove  the  efralihthnient  ol  the  truth  of  the  affenion, 
that  Piintc  AUdog  lied  uvei  made  a  vo)\igc  lo  Amcrics,  oc 
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Traditional  ao*    that  a  colony  oF  Celts  had  at  any  period  prior  (0'  the  difcotery 

^u^A^m^-^  ^'^^^^  Ay  Columbus,  pafled  inCo  thii  hetaifplme  from 
i»^^)tti  to  hm  Britain. 

«jg™J***fr"^  It  may  be  thought,  from  the  flafemcnt  publiflied  by  Dr. 
Williams  and  fome  other  writers  on  the  fubjedt^  that  the  beh'cf 
of  the  exigence  of  a  race  of  Welch  Indians  in  America  \<  ge> 
nerally  admitted  by  th6  Welch  Indian^  and  others.  But  this 
is  far  from  being  the  cafe.  The  hte  Mr.  M'Gilivray,  a  man 
of  no  inconiiderable  powers  of  mind,  and  whofe  CurioGty  was 
by  no  means  confined  to  his  own  relatives,  the  Mufcohge,  or 
Creek  Indians,  informed  me,  in  the  year  1790,  that  he  knew 
nothing  of  the  exigence  of  any  white  people  in  the  iruCt  of 
country  beyond  the  Mifliflippi. 

The  following  is  an  extract  of  a  letter  (dated  Dmonit^t  June 
14,  1792)  from  my  learned  and  excellent  friend  the  late  Mr. 
Thomas  Pennant  of  Wales. 

"  My  countrymen  are  wild  among  the  Padoocas.  or  Welch 
Indians,  defcendants  of  Madog,  now  feated  about  the  oppcr 
parts  of  the  Miflburi.  I  am  rather  in  difgrace,  not  having  the 
warmed  l)opes  of  their  difcovcry.  Pray  what  is  your  opinion 
and  that  of  your  philofophcrs  ?'' 

'    In  anfwcr  of  the  above  1  wrote  a  letter,  of  which  the  fol« 
lowing  14  a  part : 

''  I  have  heard  a  great  deal  about  the  Welch  Indians.  I  very 
early  imbibed  your  opinion,  as  delivered  in  yourgArctic  Zoo* 
logy  *,  and  mentioned  you  on  the  fubjeft  in  a  little  work  f 
which  I  publidied  in  England  at  the  age  o^'  *  *  *  *.  I  do  not 
know  whether  you  have  feen  that  work.  I  do  not  mean  to 
hint  that  it  is  worthy  of  your  attention.  I  certainly  think  there 
is  fome  foundation  for  the  (lory ;  but  I  have  no  doubt  but  the 
whole  affair  will  turn  out  very  different  from  a  difcovery  of 
Madog 's  defdendants  in  America. 

'*  I  have  faid,  that  I  think  there  is  fome  ground'for  the  Hory. 
I  (hall  explain  myfclF.  You  know  that  many  of  the  firtr  viHtors 
of  the  new  world  were  (Iruck  with  the  rcfemblance  wbicli 

*  Sec  the  introduftion  to  the  work,  pages  C63,  264. 
+  Obfervations  on  fome  parts  of  natural  hiftory ;   to  which  it 
prefixed  an  account  of  fcvcral  remarkable  veftiges,  of  an  ancier.t 
date,  which  have  been  dilccvcrcil  in  difi'crcntpartsofNonh  America. 
Part  I.  London,  1797. 

fubfifls 
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fabfifts  bclw^pn  fgtpft  of  the  An>cricaji  nations  and  the  Jew*,  Tn<Ktional  ac- 
Same  H^bifew  worrfs  were  ftjjinfl  ip,  thi*  cpDiinervt^  a^  thpy  tants  of  Amcriai 
have  been  every  wh«re  eJfe.  The  Americans  were  now. bid  flippofcdto  hava 
^tje.t^.def^endjmts  .gi^.lhe  Jews^  and  Adair  laboured. very  ^^^^*^^"** 
.hft^d  ^p  pro.ve  (l)e.  mailer  {n  a  ponderous  quarts  which  fjcw 
people  rjeada  becauA»  it  i^  bi^  wj^h  fyfiem  and  e?ptravag^nce, 
|])Qu^,  indeed,  ^t  conlainii  foine  curious  and  acciirate  jQjilUr. 
In  like. manner,. in  the  languages  of  fon^  of  lire  Am^icaa 
tribes  there  are  foupd.  fome  wQ^ds  which  are  a.  good, deal  ana- 
logous to  words  in  the  languages  of  the  ancient  Celts.  Wafer* 
nvho  was  a  very  refpedable  obferver,  if  we  confider  hit  oc- 
cupation in  life«  mentions  the  coincidence  he  found  between 
the  language  of  the  Indians  of  Darien  and  (hat  of  (he  Highland 
Scots;  and  I  coyld  produpe  inflances  of  their  coincidence. 
Some  Greek  words  are  alfo  found  in  certain  of  the  American 
languages.  I  would  not  Hrain  a  point  fo  much  as  fome  writers 
have,  who  mention  the  coincidence  which  fubfins  between 
the  Greek  Theos  and  the  Mexican  TeoiL  The  word  PotaU' 
mack,  wi)ich  is  the  name  of  one  of  our  great  rivers,  is  a  good 
deal  like  the  Greek  Potomoi\^  Tliefe  words  (perliaps  they 
are  occidetifnl  refLMnblances)  have  given  rife  to  fome  of  the 
numerous  theories  which  we  have  had  concerning  the  peopling 
of  this  great  continent :  and  I  doubt  not  that  fome  *  *  •  •  or 
per/on  who  uiiderOood  the  Welch  language,  finding  Celtic 
words  (a  language  fpoken  by  the  Welch)  among  the  Ame- 
ricans, in  the  fulnefs  of  his  zeal  would  bring  his  countrymen 
among  the  Padoucas,  Apaches,  &c. 

*'  Such,  I  believe,  has  been  the  origin  of  this  wonderful 
flory.  I  prefume,  that,  were  an  ignorant  Highlander  to  viiit 
the  Darien  Indians,  or  fome  other  American  tribes,  he  would 
fancy  hlmfelf  among  his  countrymen,  whom  painting,  ex- 
pofure  to  the  fun,  &c.  he  might  fuppofe  had  exalted  or  de- 
graded to  their  prelenl  tinge.  I  lately  converfed  with  an  old 
Highlander^  who  faid,  that  the  Indians  fpeak  the  Highland 
language.     Some  Hig))land  words  were  mentioned  by  him  i 

^  The  Ahb<^  Molina  (in  his  Comp<ndio  de  U  Hiftoria  Civil  del 
Reyno  de  Chile,  &c.  Parte  Segunda^  p.  334,  335.)  has  pointed 
out  fame  very  ftriking  inftances  of  refeniblance  between  the  Groek 
^nd  Chilefe  l^Dguages.  He  has  alfo  pointed  out  (bnie  reiemblaoc^ 
between  ;he  Latin  and  the  Chilefe. — February  19,  1805. 

•  •  •  •  one 
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*•*•  one  word  •*•*  I  recoiled,  the  word  Ume,  which  in 
the  Highland  language,  he  bid,  fignifies  fire :  now  oor  Deb- 
ware  Indians  call  fire  icriday;  the  reTemblance  io  fimod  ii 
certainly  not  fmal).  The  Celts  have,  nndoobledly,  bcea  very 
widely  fpread  over  (he  globe :  I  believe  they  exifted  in  this 
country,  and  (hat  their  deficendants  are  fome  of  the  prelent 
tribes*.  That  Celtic  words  ttiould  be  found  among  the 
Americans,  when  Celtic  words  are  to  be  found  almoft  every 
where  elfe,  is  not  I  think  to  be  wondered  at," 

-  -  ^  '  '  - ' 

IX. 

Account  qf  an  improred  Shce/h-Foldg  contrived  mid  crnifbuAedlgf 
Thomas  Plowmak,  Efq.  of  Broom  iu  NorJbUtg  amd  cum* 
Municated  by  him  to  the  Society  for  the  EucawagemoKt  rf 

»  Artt  t. 

Advantagei  of     1  HE  model  of  Mr.  Plowman's  Sheepfold  was  fior warded  Ifi 

^w"*''  **'''^'  ^''•^  Secre(ary  of  Ihe  Society  of  Ar(s  left  year  with  n  leilef 
dcfcribing  iis  properties  and  conftrudlion.  It  is  made  oo  an 
improved  and  very  fimple  principle,  combining  maoj  ad- 
vantage's over  the  old  and  cxpeniive  method  of  folding  by 
hurdles ;  and  as  (he  whole  fold  can  be  removed  with  cafe  at 
all  limes,  it  is  found  peculiarly  ufcful  in  feeding  oflftttmipt  on 
(he  land  in  frofly  weather^  when  hurdles  cannot  be  ufed;  and, 
as  (he  faving  of  labour  in  agriculture  is  a  leading  objcd,  be 
has  no  doubt  of  feeing  it,  in  a  very  few  years,  geoeially 
adopted. 

Durability,  The  expence,    in  the  fird  indance,    will  exceed  that  of 

hurdles,  for  the  fame  given  quantity  of  Iheep ;  but  having 
had  one  in  ufe  nearly  three  years,  he  is  ratisHcd  (he  faving 
will  be  very  coniiderable :  for,  belbrc  he  adopted  this  method 
of  folding,  he  lofl  from  thirty  to  forty  nights  folding  in  (be 
year,  owing  to  the  land  being  Lard  in  dry  feafons,  fucfa  as  Ihe 

•  Very  confiderable  fragments  of  the  Celtic  diaIc£U  are  ftill  pre- 
fcrved  in  America  ;  particularly,  if  I  do  not  miftake,  among  the 
Kanticokes  and  the  Katalba  or  Katawbas.     Tebruarj  19,   I80o. 

t  The  Society  awarded  the  gold  medal  for  this  ufeful  improve- 
ment)  and  inferted  his  account. 

two 
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twg./i^    which  ^opdorx  Jkl<i^  a^  Saving  of 

thewn^^cij}  fatt  great  labonr  ajxl dcflrudwof **'*'^*^*  "^ 

fcoraK^^  ^^Hf  Ji  jdfQ iciearly  pf  •pinioo.  that  the  flpck  of  Ihtep 
nV^I^ 'j^rf^dy .  incceafed  when  this  method  of  folding  becogiea 
^oi^iii^wp^.and  that  it  wiU  enable  many  finall  farmer*  to 
keep'  ffom  50  to  JOO  fheep^  who  now  are  deterred  from  it,  f"^.^'  Profit  la 
on  account  of  the  fqiall  quantity  of  feed  they  have,  not  an*  keepmg  (beep, 
fwering  to  keep  a  man  for  that  purpofe  only ;  but  by  this  plan, 
they  may  keep  a  boy  at  Ss»  or  3s.  6d.  per  week,  who  can  ai- 
leron 100  or  200  iheep^  .an4  move  the  fold  htmfelf  without 
any  affiflance.     In  heavy  gales  of  wind  it  frequently  happens  ^^  is  eafily 
that  hurdles  are  blown  down,  alid  the  (heepi  ofcourfe,  being  j?^|Jj*^y"^^j 
at  liberty  to  range  over  the  crops,  do  incalculable  mifchief ;  down  $ 
which  cannot  kappeti  with  this  fold. 

In  fome  cootities  in  England,  where  hogs  are  folded,  great  refifti  bogs. 
diftcoities  are  experienced  for  want  of  flowage,  for  them  to 
feed  off  winter  tares,  &c.  &c.  as  they  root  up  every  flake  or 
hurdle;  but  from  having  tried  the  experiment,  the  inventor  it 
c^^fh  Iris  Md  v^ill  keep  them  in,  and  defies  their  attempts 
t#>Mplaceit. 

fMNn  Ibts  drawing,  which  correfponds  with  (he  model,  and 
frMi  tlie-defbriptioh,  it  is  feen  that  an  aftonifhing  quantity  of 
titrie  ffe  laved  ;  for  one  man  can  remove  a  fbid  to  contain  700 
fheep  with  eafe  in  five  minutes,  which,  by  the  old  melhud^ 
fraqnanlfy  takes  fome  hours  to  accomplilh. 

Certificates  of  gentlemen,  who  ufe  thefe  new  folds,  were 
fent  to  the  fociety,  among  whom  is  that  of  his  Grace  the 
Duke  of  Bedford. 

When  the  fold  is  wanted  to  be  ofed  on  very  hilly  ground,  Method  of  plae- 
it  is  beft  to  begin  at  the  top,  and  work  it  down  to  the  bottom,  ^'^^^^^'^  ***"^ 
for  the  eafe  of  removing  it,  and  then  draw  it  up  again  with  a 
horfe.    This,  however,  tlie  inventor  has  never  had  occalion 
to  do ;  for  the  land  in  his  county  is  ploughed  in  a  contrary 
dfmdion,  and  the  fold  is  worked  ih  the  fame  coiirfe  as  the  * 
ridget.    By  this  mean,  the  inconvenience  is  avoided  of  crofs- 
ing  the  furrows,  and  they  are  alfo  a  guide  to  keep  the  fuld  in 
a  flrnght  diredion. 

With  refpeft  to  the  flieep  getting  under,  he  does  not  re*  ,, 
colled  that  circumllance  to  have  ever  happened,  nor  does  he 
conceive  that  any  land,  .which  is  cultivated  can  be  (o  uneven 
as  to  admit  cf  it* 

Vol.  XH.— November,  1805.  O        Dejtriplion 
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Defcripb'tawith  Dejtription  qf  the  Sheepfbld. 

rcftfcncc  to  ui8  '  ^ 

drawing.  Fhle  XI.  Fig*  1.  Shows  one  divifioo  or  part  of  this  Ssoet 

Iwenty-one  feel  long,  and  three  feel  eleven  inches  high,  coo. 
pofed  of  the  following  parts : 

A.  A  top  rail  three  inchet  deep  and  two  inches  thiokt  B. 
The  opper  bar«  three  inches  deep^  and  three-quarters  inch 
thick.  CCf  The  two  lower  bars,  four  inches  by  throe^ 
quarters  of  an  inch,  which,  with  the  upper  bar,  are  nuMtioed 
through  the  uprights.  DDDD,  Which  uprights  are  oak, 
three  inches  by  two  inches.  E,  The  lower  bar^  three  indies 
by  three.  F.  An  upright  bar,  with  the  horisootal  bars  halved 
into  it.     G  G,  Two  oak  uprights,  three  by  two  inches* 

Fig.  2.  Shows  the  oak  uprights  GG.  H»The  axletrae, 
three  inches  by  three,  and  three  feet  between  the  wheels.  I, 
An  oak  knee,  which  coone£ts  the  uprights.  G  G  wkh  the 
axle-tree,  by  means  of  two  fcrews  and  nuts. 

Fig.  3.  A  plan,  in  which  the  axle  H  is  (hown  with  two 
arms  KK  at  right  angles  to  H,  which  are  made  to  afi  as 
pivots  to  tlie  wheels,  when  intended  to  be  moved  in  a  direo* 
tion  at  right  angles  to  the  bars. 

Fig.  4.  Is  a  view  of  the  fame  parts  defcribed  in  Sg^  !• 
The  wheels  marked  W,  In  all  the  figures,  are  of  cafl  iront 
and  co^  3».  6d.  each. 


crow* 


X. 

Anecdotes  qfan  American  Crow.    By  William  BAftTRAM*. 

Anccdoiet  of  a  IT  is  a  difficult  talk  to  give  a  hiflory  of  our  crow.  And  I 
hefilate  not  to  aver,  that  it  would  require  the  peo  of  a  very 
able  biographer  to  do  juflice  to  his  talents. 

Before  I  enter  on  this  fubjcdl  minutely,  it  may  be  neceiEuy 
to  remark,  that  we  do  not  here  fpeak  of  the  crow  cdleQively, 
as  giving  an  account  of  the  whole  race,  fince  I  am  conviiiced 
that  tbefe  birds  differ  as  widely  as  men  do  from  each  other  io 
point  of  talents  and  acquirements,  but  of  a  particular  kind  of 
that  fpecies,  which  I  reared  from  the  nell. 

*  From  the  Philadelphia  Medical  Joumalj  Vol,  I.  part  I. 


i 


i,  rorn  hng  l!me,  cOTuparalively,  a  he1plersilep«»d- AoKdoi«»«fi 
having  s  very  Tmall  degrteofaSiv'ily  or  vivacity,  ' 
every  (enk  feeaiiii)^  lo  be  sUeep,  or  in  emtxyo,  utilil  tie  had 
fWnrly  attBined  hit  linifhed  dimcnfiont  aad  figure,  wid  ihe  ufe 
oi  all  hit  meiatieri.  Tlicn  we  were  furprifed  and  daUjr 
amufed  with  the  pro^reflive  developement  of  his  lenles,  ex» 
panding  and  tiaiuriiiiiig  as  the  wings  of  the  youthful  phalxoa, 
Wh«n  difengaged  Ironi  ill  nympha  ftieil. 

Tbefe  fen fes  however,  feemed,  ai  in  man,  lo  be  only  the 
Off^anior  inOrunienl!  of  his  inlelle^uai  powers,  and  of  their 
vSefli,  as  direAed  towards  ilic  accompiiFhment  of  various 
dcligns  and  Ihe  graiiliealion  ol  the  patfions. 

This  was  a  bird  of  a  happy  temper  and  good  difpolition. 
He  was  (raftable  and  benevolent,  docile  and  humble,  whilA 
his  genius  demonltraled  extraordinary  acalenel's  and  livdy 
fenlations.  All  thefegood  qualities  were  greatly  inhiifavoar, 
for  tbey  procured  liiin  friends  and  palruns,  even  among  flieit 
wboTe  fociely  and  regard  tontribuled  to  iltuHrale  the  powers 
of  his  uiiderDanding.  Bat  what  appeared  moll  extraordinary, 
he  feemed  to  have  the  wit  lu  fclcft  and  Iteafure  up  in  bis 
mind,  and  the  fagacity  lo  praflice,  that  kind  of  knowledge 
wtieh  procured  him  the  moK  advantage  and  profit. 

He  had  great  lalenli>,  and  a  firong  propenlily  lo  imilatiun. 
AVhen  1  was  engaged  in  weeding  in  tlie  garden,  he  wonid 
often  fly  to  me,  and  after  verjr  attentively  obfcrving  me  in 
pulling  up  the  frnall  weeds  and  grafs,  be  would  fall  lo  work, 
and  with  hii  flrot>g  beak  pluck  up  the  giafs  j  and  Ihe  more  fo, 
when  I  CO  Di  pi  i  men  led  him  with  encournging  cxprelfions.  Ha 
'enjoyed  great  pleafure  and  amufeTnent  in  feeing  roe  write, 
«nd  would  attempt  to  luke  the  pen  out  of  my  hand,  and  my 
^je^acles  from  my  nofe,  Tiie  laller  article  he  was  fa  pIcaTcd 
with,  thai  I  found  it  necelTaty  to  put  Ihem  out  of  his  reads 
when  I  bad  done  uGng  them.  Bui  one  tirmi,  in  particular, 
having  left  Ihem  a  moment,  ihc  crow  being  then  out  of  my 
fight,  recollecling  the  bird's  ni^ffhievoui  iricks,  1  returned 
(pickly  and  found  bim  upon  Ihe  table,  rifling  my  inkfland, 
books,  and  paper.  When  he  fsw  me  coming,  he  took  up  my 
fpefiaeles  and  Hew  off  with  them.  I  found  it  vain  lo  pretend 
to  overtake  liiro  j  but  Handing  to  obferi"'  his  operations  with 
tny  fpefiacles,  1  faw  him  feltle  down  at  the  root  of  an  apple- 
tree,  where,  after  anrating  Ijtmfdf  for  awhile,  I  oKeived 
02  that 
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Awc<Ucei  oft  that  he  was  hidihg  them  in  the  gmd,  and eoverlilK  tlimii'^ito 
^''^*  fiiclts  and  ehipi,  often  looking  roand  abbat  to  be  wHethef  f 

was.  Walchinf^  him.  When  he  thought  he  had  fuffiticiMff 
fecreted  (hern,  he  turned  about,  advancing  towardi  rae  at  toy 
call.  When  he  had  come  near  me,  I  ran  lowardt  the  trete 
to  regain  my  property.  Bat  he  judging  of  my  tnteirtfont  bf 
my  actions  fteW|  and  arriving  there  before  me,  picked  thett 
up  againi  and  flew  ofT  with  them  into  another  apple  tree,  t 
now  almoft  defpaired  of  ever  getting  them  again*  However 
I  returned  back  to  a  houfe  a  little  diftance  oflT,  and  there 
fecreting  myfelf,  I  had  a  full  view  of  him,  and  waited  to  fee 
the  event.  After  feme  time  had  elapfed,  during  which  I  heard' 
a  great  noife  and  talk  from  him,  of  which  1  underftood  not  a 
word,  he  left  the  tree  with  my  fpe£lacles  dangling  in  hit 
mouth,  and  alighted  with  them  on  the  ground.  After  feme 
time,  and  a  great  deal  of  caution  and  contrivance  in  choofing 
and  rcjeAing  different  places,  he  hid  them  again,  at  he 
thought,  very  efiectually  in  the  graf*,  carrying  and  placing 
over  them  chips,  dry  leaves,  &c.  and  often  pufliing  them 
down  with  his  bill.  After  he  had  iinifhed  this  work>  he  iew 
up  into  a  tree  hard  by,  and  there  continued  a  long  time  talking 
to  himfelf  and  making  much  noife;  bragging,  as  I  fuppofe, 
of  his  achievements.  At  lad  he  returned  to  the  houfe»  where 
not  fnuling  me,  he  betook  himfelf  to  other  ainufements^ 
Having  noted  the  place  where  he  had  hid  ray  fpe^acles,  I 
liaHened  thither,  and  after  fome  time  recovered  them. 

This  bird  had  an  excellent  memory.  He  foon  learned  the 
name  which  we  had  given  him,  which  was  Tom ;  and  would 
commonly  come  when  he  was  called,  unlefs  engaged  in  Come 
favourite  amufcment,  or  foon  alter  correfiion ;  tor  when  he  had 
run  to  great  lengths  in  mifciiief,  I  was  under  the  necefily  of 
whipping  him,  which  I  did  with  a  little  fwitch.  He  would 
in  general  bear  cor  region  with  wonderful  patience  and 
humility,  fupplicatrng  with  piteous  and  penitent  cries  and 
anions.  -  But  ibmctimes  when  chaflifement  became  intolerable, 
he  would  luddeiily  flart  off^  and  take  refuge  in  the  nesei  tree. 
Here  lie  would  confola  hiintelf  with  chattering  and  adjuHing 
his'  leatiicrs,  if* he  was  not  lucky  enough  to  carry  off  with 
him  it^mc  ot  my- property,  fuch  as  a  pen  knile,  or  a  piece  of 
of  paper ;  m  Ahts  cale  he  would  boalt  and  brag  very  loudly. 
Aa  other  limes  he  would  foon  return,  and  with  e\'ery  token  of 
■  penitence 
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lienilonea  ■  Mid-  fabmiiion  approach  iii«  for  foi^pfeocfp/ and  Anecdotes  of  • 

nsconctlta^ioo.    Oa  thefa  occi^rioos.he  would  foaieticneh  retiiiil:^'^^* 

•MCettk  on  Ibe  ground  near  m)  feet,  and  diffideptly  advance 

vilii  Mi  fooihing  expre(fioa»,  'aiul  a  tort  of  circa mlocaiion, 

and  (itiilenily  by  me  for  a  confiderable  tiiae.    i^i- other  iiia<es 

be  would  confidentiy  come  and  fettle  upon  my  (hoaidefy  and 

there  folicit  my  favour  and  pardon  with  fooihing  eKpreffiont 

and  carelfing  gediculations ;  not  omitting  to  tickle  me  about 

the  neck,  ears,  &c. 

Tom  appeared  to  be  influenoed  by  a  lively  fenfe  of  domina- 
tion (an  attribute  prevalent  in  the  animal  creation)  but  never* 
thelels  his  ambition»  in  this  refpedt,  feemed  to  be  moderated 
by  a  degree  of  reafon  or  refledlion.  He  was  certainly  by  no 
means  tyrannical  or  cruel.  It  muil  be  confefTed,  however^ 
that  he  aimed  to  be  mailer  of  every  animal  around  him,  in 
order  to  fecure  hti  independence  and  his  felf  prefervation,  and 
for  the  acquifition  and  defence  of  his  natural  rights.  Yet  ii> 
general  he  was  peaceable  and  focial  with  all  the  animals  about 
him. 

He  was  the  mod  trouble  fome  and  tea  zing  to  a  large  dog 
whom  he  could  never  conquer.  This  old  dog  from  natural 
fidelity  and  a  particular  attachment  commonly  lay  down  near 
me  when  I  was  at  red,  reading  or  writing  under  the  fhade  of 
«  pear-tree  in  the  garden  near  the  houfe.  Tom  (1  believe 
from  a  paffion  of  jealoufy)  would  approach  me  with  his  ufual 
careflTes  and  flattery,  and  after  fecuring  my  notice  and  (egard, 
he  would  addrefs  the  dog  in  fome  degree  of  complaifance^  and 
jby  words  and  anions ;  and  if  he  could  obtain  accefs  to  him, 
yvoiiid  tickle  him  with  his  bill,  jump  upon  him,  and  compoTo 
himlelf  for  a  tittle  while.  It  was  evident,  however,  that  thia 
feereing  fociability  was  mere  artiHce  to  gain  an  opportunity  to 
pradice  fome  mifchievous  trick,  for  no  fooiier  did  he  perceiva 
the  old  dpg  to  be  dozing,  than  he  would  be  fure  to  pinch  iiit 
|ips,  and  pluck  his  beard.  At  length,  however^  thefe  bold 
and  hazardous  achievments  had  nearly  cod  him  his  life»  fur 
one  time  the  dog  being  hjghly  provoked,  he  made  fo  fodden 
and  fierce  a  fnap,  that  the>  crow  narrowly  cfcaped  with  his 
head.  Afier  this  Tqm  was  wafy,  and  ufed  every  caution  and 
deliberation  in  his  approaches,  examining  the  dog's  eyes  and 
movements^  to  be  fure  that  he  was  really  aileep,  and  at  lai^ 
would  not  venture  nearer  than  l^is  tail,  am)  then  bj  flow, 

8  iilent. 
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filentj  mnd  wary  fieps,  in  a  lideways  or  oblique'  naiAiier, 
fpreading  his  legs  and  reaching  Forward,  fh  this  poficioti  be 
would  pluck  the  long  hairs  of  the  dog's  tail.  But  he  wOOM 
always  take  care  to  place  his  feet  in  fuch  a  manner  to  be  readj 
to  fiart  off  when  the  dog  was  roufed  and  fnapped  at  him. 

It  would  be  needlefs  (obferves  my  ingenious  friend  in  fho 
cqncluCon  of  this  entertaining  account  of  the  crow]  to  re- 
count inflances  of  this  bird's  under  (landings  canning,  and 
opeiations,  which  certainly  exhibit  inconteflible  demon (Irations 
of  a  regular  combination  of  ideas,  premeditation,  refle6iion«  and 
contrivance,  which  influenced  his  operations. 


■1  ■ 


XI. 

■ 

An  AccamU  qf  th  Seickejt  of  the  Lake  ef  Geneva. 
By  M.  Vaucher*. 

^'^^rife  ind  ^^  ^^  inhabitants  of  the  banks  of  ihe  lake  of  Geneva/  de- 
fall  of  the  i^e    fignate  by  the  name  of  feiches  certain  fudden  and  icregular 
of  Geneva  calW  changes  which  take  place  in  the  level  of  the  waters  of  the 
lake,  and  have  no  relation  with  the  regular  and  annual  Sn* 
creafe  produced  by  the  melting  of  the  fnowrs.     This  phe- 
nomenon was  defcribcd  at  the  beginning  of  the  laft  century. 
Fatio  de  Duilcrs  in  the  2nd  vol.  of  Spon's  Hiftory  of  Genei'a; 
and  afterwards   by  Jalabert  in  the   Academy  of  Sciences; 
Serre  in  the  Journal  de  Savan«,  Bertrand,  and  by  De  Saufliire 
in  the  I  ft  vol.  of  his  Travels  in  the  Alps.     But  though  feveral 
of  thefe  philofophers  hai'e  attempted  to  explain  the  fa€t,  as 
we  (hall  hereaficr  remark,  yet  no  one  has  confjdered  it  with 
precilion,   and  as  a  general  phenomenon.     The  editors  of 
the  Bulletin  des  Sciences,  from  whofe  excellent  flieet  I  take 
the  prefent  account,  have  followed  Mr.  Vaucher,  and  after- 
wards prefent  the  different  explanations.      The  numerous 
obfervations  of  that  philofopher  have  led  him  to  the  following 
general  refults. 
Particulv  decnl      1.  The  feiches  are  not  peculiar  to  the  lake  of  Geneva,  they 
•f  the  fa^t  J      jjfg  j^ifj,  obferved  in  the  Lakes  of  Conflance,  Zurichi  Annecy, 
In Ather  lakes.     Neuf-chatel,  and  in  the  lake  Major^    and  there  are  ilrong 
realuns  to  think  that  they  exifl  in  moil  lakes,  though  they 
may  not  have  been  fuflicienlly  obferved, 

*  From  tlie  Bulletin  des  Science^  No.  96, 

2.  It 
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2.  It  ippcart,  hnwevcr,  la  be  (rue,  that  the  pheDOfflenon  But  moft 
is  Dior<j  lematkable  in  ihe  lake  of  Geneva  than  any  where  j^,,,  ;!!!„.  ° 
elfe  ihat  it  h»s  been  ublcrveJ.  In  faft,  the  level  of  Uie  waters 
of  Leman  lake  have  been  feveral  limes  oirefved  [a  rife  at  a 
given  place  in  ihc  courle  ot  ij  or  20  miniites,  three,  toar, 
aod  even  five  Teel,  and  lo  rubfide  fame  lime  afterwardi, 
wherea*  the  Afongefl  feiches  obferved  in  ulliet  Ukei,  hav« 
been  four  or  five  iiiciies  in  ihe  lake  of  Cotillance,  eighteen 
lines  in  thai  of  Zuriili,  Inut  ot  five  lines  in  llial  of  Annecy, 
wid  onli  a  few  Imci  in  the  lake  of  Neuf-Chatel  and  lake 
Major.  ■ 

S.  In  all  Ihefe  iaket,  particularly  in  thai  of  Geneva,  the  Mora  coH4»> 
feicbe»  are  mort  Icnfibie  in  that  part  of  the  lake  which  a  '^^  "'f  i^' 
neareli  llie  ouilci  ol  iis  walert.  Accordingly  ihey  arc  no 
naure  llian  one  or  two  incliei,  al  the  didance  of  two  leagues 
from  Geneva,  and  U  (lie  cslieniity  near  where  tlie  lake  re- 
ceives lit  waien  Ihe  feichei  ut  ihe  lake  of  Geneva  are  not 
Hxvnger  than  Ihofc  of  ihe  oiher  lakes  here  menlioned. 

♦-.  In  ihcfe  ditfeient  lakes  ihey  ire  mod  (enlible  in  placet  *ni  when  iht 
where  ihe  lake  is  remarkably  narrow.  *"^  "f "" 

5.  The  feidiet  may  lake  place  indiKren(l|  al  all  feafons  of  ihey  hippen  tc 
*be  year,  and  al  any  hour  of  the  day;  but  in  all  the  lakes  j"  ''""•  "* 
It  ha*  been  obfcivcd,  ihat  ihey  are  mere  frequent  in  the  day  * 
than  in  the  ntglil,  and  in  ihc  fjiring  and  autumn,  than  in  the 

winter  or  fummi^r. 

6,  It  has  been  obferved  in  parllcular  in  ihe  neighbourhood  but  moll  llrik. 
of  Geneva,  (hat  the  lirongtil  (ciihcs  lake  place  al  ihe  end  of '"«')'  *!'">  '^ 
tfie  fumiaer,  ihat  is  la  fat,  ai  ihe  time  of  thegrealellelevaiioti  hitbcft  j 

•f  ill  walert. 

7.  The  fciches  are  extremely  frequent,  but  ihey  are  afually 
•  few  lines,  or  al  niofl  only  a  lew  inches,  in  which  cafe*  they 
cannot  be  perceived  wiihoul  exaft  apparalui  li>  obferve  Ihe 
level  of  the  lake.  It  ii  from  a  want  oi  ihis  obfcrvation  that 
ttey  have  been  fuppofcd  to  be  very  rare,  as  Ihofe  feiche*  only 
enuld  be  obferved  wiihout  apparatu*  which  varied  feveral 
Jecl. 

8,  The  feidiet  lake  pUce  wiihnul  any  agitation  or  motion  •■wndtdwtthM 
•f  uodulation  or  current  in  |!ie  furfate  of  the  flwd.  H'-^, 

■  S.Thelt  riuttilion  ii  very  variable,  feldom  exceeding  twenty  »ail4»n«lj11 
«i  Iwehty.ftveioitiulcs,  and  often  much  Icfi.  '"^' 

10.  Thii 
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they  feem  to  be       10.  This  phenometMm  takes  place  in  all  tettiperatant^  li^l 
^gh^tht^lSt^^^^^'^^  >^  refuidfrom  very  exl<^nfivalablec»  that>«he  fieidiBi 
mofphrrc,  and    «re  iDore  iVequenti  and  more  extreme^  the  more  varNMellie 
fumeufn/''     ^^^^  ^  ^^"^    almofphere.      Remarkfltilc    yariationR  of  fte 
baromeCer  have  been  obferved  to  correrpond  with  ooAfidenibie 
-feiches,  and  it  is  an  opinion  generally  received  among  ^tllc 
fifliermen,  that  the  feiches  are  a  (Ign  of  chan^^e  of  we»lhcr. 
In  particular,  thry  have  been  obferved  to  be  very  llrong  wheii 
the  fun  comes  to  (hine  very  flrongly  on  a  (pot,  a  (hort  tin^ 
before  obfcurctl  by  a  thick  cloud. 
Sxpbnations  by     After  this  expofttion  of  the  phenomenon,  fome  notion  irfkj 
irvioiu  autiion.  ^  formed  refpeaing  the  value  of  the  different  explanation!!. 
M.  Fatio  attributes  the  feiches  lo  violent  gufts  of  wind  whicfc 
drivp  the  waters  into  the  narrowefl  part  of  the  lake.     MfV 
Jalabert  attributes  them  to  fome  fudden  encreafe  of  the  Arv4% 
which  falling  into  the  Rhone  at  a  (hort  diRance  from  thelaktf^ 
and  entering  the  river  at  a  confiderahle  angle,  may  in   Kid, 
fometimes  ftop  its  courfe  for  a  (hort  period,  and  in  that  manner 
ratfe  the  waters  of  the  part  of  the  lake  nearefl  Geneva ;  4ftAly« 
Mr.  Bertrand  thinks  this  phenomenon  to  be  occafiohed  1^ 
electrical  clouds  which  attract  the  waters  of  the  lake*  and 
prnrjuce  ofcillations   more   fenfible,    the  nearer  its  oppufiie 
banks  may  be  to  each  other.     Without  dwelling  on  the  id- 
fufHciency  of  thefc  three  h)pothefis  to  account   for  all  the 
difft-rent  fafls  before    mcniioned;     Mr.  Vaucher   obfervcs, 
that   the   true  explanation   ought   to   be  two-Told;    namelvj 
general  in  order  to  fliew  the  caufe  of  thofe  lef<  contlderable 
feiches  which   are  obierved   in  all   the  lakes,  and  over  the 
whole  of  their  I'urface  ;  the  olher  muH  be  local,  and  explain 
why  this  phenomenon   is  much  more  fenfible  at  the  weilern 
extri-mity  of  the  lake  of  Geneva,  than  in  any  other  known 
place. 
Mr.  Vaucher      '    With  refpe6^  to  the  fir  ft,  Mr.  Vaucher  afcribes  it  to  the 

afcnbes  th  r.  to  frequent  variation^t  which  are  fenfible  in  the  weight  of  dif- 
acni  fpheric         -  ,  r    i         .       r  i  i  *•  ■     -       i 

proflT.rc  jdling    f^-Ttnt  col'imns  ot  the  atmoiphere,  and  confequentfy  »n  the 

m.'-ftror.gly  -n  ji'tiliire  it  exerts  on  dsfl'erent  point';  of  the  (urtace  of  lakes*. 
hkc't^!f.n°at\hc  ^^  ^^^  eufiiy  conceive,  thai  if  the  weight  oKthe  atmofphcric 
fiace  of  life.       column  be  fpeeJily  diminithed  in  a  given  part  of  a  lake,  with- 

*  This  caufe  wat  licfore  indicated  concifcly  by  Dc  Sauffure,  in 
hii  fiiH  vol.  of  Travels  ia  the  Alps. 

out 
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.#tti  the  bmo  <thing.  happoning  overiiie  reft  of  tho  furfkcoi 

-pr  AiU  noie  tf  the  w«igh(  diouid  be  augmented  upon  ihnt 

ran^iag  fttdape,  the  waler  wiU.b«  forced  to  rife  in  tftait 

hft  placer  and  will  again  defcend  wben  the  atmofphere  iball 

liave  reTpiDed  iu  equiJibriuto.     It  it  known,  in  §si£t,  that  thofil 

yarialion^  of  Che  barometer  are  fo  CrequeDt^  that  it  can  never 

be  faid  to  be  e)(a£lly  (lationary ;  it  is  known*  that  they  caft 

be  produced  by  changes  of  temperature*  and  Dc  Sanfliire  haa 

^Iculated  that  a  diminution  of  three  degrees  in  the  colaikinof 

air  will  account  for  a  variation  of  0,85  of  a  line  in  the  ba^ 

f^meter.  It  is  known*  that  thefe  variations  are  vaoii  frequent  in 

npuntainous  countries  in  autumn  and  in  fpring*  and  ptevioui 

fo.Aorms,    circumHancea  which  coincide  with  the  greatef 

frequency  of  (eiches  at  thofe  times.     This  general  caufe  tendi 

|o  explain  the  flight  variations  of  level  which  are  common  to 

^L  the  lakes;  it  is  even  of  fuch  a  nature  as  to  be  applicable 

to  .all  extended  furfaces^  and  it  is  therefore  probablci  that 

Ibefe  variations  (^f  level  hkewife  take  place  in  the  fea*  inde- 

|>eiidant  o^'  lite  flux  and  reflux*  which  may  have  bilherto  preu 

yet)ted  their  being  obferved.     The  variations  in  the  weight  of 

the  .atmofphere  may  perhaps  contribute  to  thofe  fudden  and 

)o€iil  elevations  of  (he  waters  of  the  fea,  which  have  aH  been 

Jndifiinclly  confivlered  a«  of  (he  nature  of  water-fpoots.     Thd 

fame  caufe  ought  like  wife  to  act  on  rivers,  but  inflead  of  raifing 

or  d»minill)ing  .their  level,  it  ought,  acHX)rding  to  Mr.  Vaucher, 

to  produce  a  moioentary  acceleration  or  retardation  of  their 

courXe;  an  obfervsi^tion  diQicuit  to  be  made*  and  not  hitherto 

aiiempted. 

As  to  ihe  fecond  part  of  the  explanation*  namely,  that  which  —and  he  fup- 

(liould  account  for  the  great  intenfity  of  the  phenomenon  at  P//^? '**f  ^I"^ 
.  /♦•Til  j^  »^     »r       .       rife  in  the  lake 

the  extremity  ot  (heLeman  lake,  near  Geneva,  Mr.  Vanchefof  Geneva  to  be 
recurs  to  two  circumflances  peculiar  to  that  lake,  and  which  ""/^^  **y'"  P** 
are  found  in  a  laU  degree  in  thofe  of  Zurich  and  Conftance,  **       *""* 
where  the  fetches  are  moQ  remarkable  after  (hofe  of  the  lake 
of  Geneva;  namely*  the  contraction  of  a  lake  in  a  given 
place»  and  the  defccnt  of  its  waters  towards  the  place  of  their 
difchsirge.     With  regard  to  the  firft  of  thefe  circumflances,  ft 
will  be  fufljcieni,  if  attention  be  paid  to  a  chart  of  the  Leman 
lake,  to  (hew  that  it  is  very  remarkably  cohtra6ted  at  its  weft* 
ern  extremity,  fo  that  at  half  a  league- di fiance  from  Geneva*    - 
it  has  not  one  third  of  the  breadth  of  that  before  Thonon*  Now* 

we 
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wemaj  compare  a  lake  of  this  form  to  a  fyphon  full  of  witart 
of  which  the  branches  fliould  very  mnch  difier.  in  diaiiictari 
and  it  will  be  evident  tliat  if,  fior  example^  their  ineqiialily 
being  as  fourteen  to  one,  the  fmalleft  branch  fliould  foddenly 
receive  by  the  augmentation  of  the  atmofphere  a  fiirchaiige 
equal  to  that  which  deprefles  the  barometer  one  line,  it  would 
Cill  14lines,  and  the  water  which  would  be  driven  into  tbegreat 
branch  would  raife  its  furlace  only  one  line;  whereas,  oa  the 
contrary,  a  furcharge  which  fliould  deprefs  the  level  of  iba 
great  branch  only. one  line,  would  raife  it  for  a  moment  foerw 
teen  in  the  fmaller.  The  effect  would  be  double  if  at  ihe  iame 
time  the  weigiit  of  the  atmofphere  fhould  diminifti  on  oae  oC 
the  brandies,  and  encreafe  on  one  of  the  other.  We  may 
therefore  admit  that  in  lakes,  the  breadth  of  which  it  remark- 
ably cent  radled  in  fome  part,  the  influence  of  the  variationi  of 
the  atmofphere  to  produce  fetches  will  be  greater  in  the  narrow 
than  in  the  wide  part. 
And  alfe  by  cir«  A  like  effed  will  take  place  according  to  Mr.  Vaacher,  by 
^**B^*>^  t"  reafon  of  the  inclination  obfervable  in  that  part  of  the  fnrfaoa 
Aowiiigoar  of  '  ^^  ^^  ^^^^  ^^^^  '^®  place  where  it  difcharges  its  water.  Ho 
the  waters.  remarks  that  every  particle  of  a  liquid  on  a  flope  nay  be  pop- 
iidered  as  foliciled  by  two  forces;  one  which  tendtto  raibit 
to  the  level  of  the  fupcrior  part  of  the  flope  or  the  refervoir, 
and  the  other  which  urges  it  in  the  direAion  of  the  current.. 
If  by  the  fudilen  depreflion  of  the  fuperior  fluid  the  current 
be  for  a  moment  fupprefl*ed,  the  particle  will  no  longer  find 
itfelf  urged  but  by  the  iirfl  of  thefe  forces,  and  will  rife  to- 
wards its  ancit;nt  level,  and  foon  afterwards  dcfcend.  Now, 
as  we  have  before  feen,  all  (he  parts  of  lakes  which  have  very 
perceptible  fcichcs  have  a  remarkable  flope ;  this  flope  is  natu« 
rally  more  contiderablc  at  thofc  times  of  the  year  when  iha 
waters  are  highefl,  and  thefe  arc  the  periods  when  the  fetches 
are  moft  flriking  in  the  neighbourhood  of  Geneva. 
Singular  appear*  Independent  of  (he  phenomenon  of  the  fetches,  the  lake.of 
ance  which        Geneva  and  mofl  other  lakes  atford  two  other  Angular  pheno^ 

[hTihTfu'lS^''  ««"««  ^^^  ^^  "  '^""W"  ^y  ^^^  fifliermen  of  the  Leman  Uko 
of  the  lake  ii  by  the  name  of  fontaines.  This  takes  place  when  the  furface 
partly  fmooth  ^f  ^j^g  hVc^  inftead  of  being  uniformly  calm  or  uniformly  agi- 
tated, tated,  is  feen  to  have  certain  parts  calm  and  certain  parts  agi* 
tated«  which  are  often  mixed  among  each  other  in  a  thoufand 
m%nner^  and  always,  very  difiindU    This  fii6t  feems  /Oi  indi<» 

cate 
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«ate  lli«  dtSerent  olmofpheric  columns,  though  very  near  each 
ather,  may  iome  of  ihem  b«  agitait^il  and  other*  ralin.  Ttin 
appnnnce  of  the  (atbce  of  the  lake  ii  conffdered  by  ih* 
ifhcrmm  at  a  dgn  a(  rain. 

The  fecotid  plienomeiiim  of  which  Mr.  Voucher  Tpeaki,  Anotlicr  plie. 
«onfirij|in  certain  Tonorom  diftani  eipTolioni  or  noiTes  which  "l'^''""  "^- 
refembte  ihofe  of  the  (lilcharge  of  arilllery,  and  are  fometimei nuKe  of  stii- 
keard  in  ihe  fine  fmnoierevcningSj     This  phenomenon  i^rare,*")'' 
but  is  neverlhelers  alTirmed  by  fevuial  inhaliilanrs  near  Ihe  lake 
of  GenevH.     It  alio  takes  place  in  i)ib  lake  of  Zurich  accord- 
ing lo  Mf.  Efther,  and  in  that  of  tiaikd  according  lo  that  of 
Mr.  Palrin.      Mi.  Efcher  aJTerls  that  half  or  ihfce  quarter;  of 
a  minute  alter  having  heard  one  of  Ihcfenoifeihefasv  a  bubble 
of  a\r  about  a  foot  in  diameter  rife  out  of  the  lake  of  Zurich, 

Amintaiinja. — W.  N. 

It  dues  not  fcem  to  me  ihal  any  of  (he  caufes  jlct  pointed  out  Obj^a^ani  tnihs 
are  furficienl  to  account  for  liie  effefl  of  tlie  feithcs.     Sudden  'j^wi"  •!'■''' 
or  mong  bialts  of  wind  coord  fcatcely  operate  in  this  way  lo  rd rrfpraiK ifaa 
partially  >a  that  the  cxiflence  of  fuch  fqualU  dioald  not  at  ihe^><I>'^ 
laiBe  lime  have  fixed  the  attention  of  Ibe  common  people  at 
well  ai  of  the  more  accurate  obfervers  who  have  noticed  thefc 
changei.     It  iri  perhaps  equally  difficult  to  fuppofe  fuch  un- 
heeded variations  tntakeplace  in  the  Arve  fuf&cient  loaccount 
for  thefe  very  remarkable  changes  in  (he  lake.     Mr.  Bertrand's 
dedrical  hypnihelis  refers  us  to  a  clafs  of  appearances  loo  lillle 
UnderOnod  lo  be  admilled,  otherwife  ihao  in  (he  way  of  loofe 
conJFfture ;  befidet  which,  it  mull  be  remarked  that  the  agency 
■f  electrical  doods  is  much  more  generally  direfled  lo  mnuii- 
lains  than  lo  the  valleys  in  which  lakei  mu(l  iiecelTdrily  have 
Ihcii-  fitufliion.  Much  ingenuity  islifily  Ihewn  by  Mr,  Vauchor— particulin/ 
in  hit  eatpl  a  nation,  wliich  neverlhelef*  requires  us  lo  admit  ofy""/ *?'■ 
Ktroofplieric  columns  contiderably  ditfering  in  weight  and  oc-atmifphuic 
copying  very  froal!  extent  of  furfiice.     If  this  be  even  admit-  P™^""- 
ted  as  poltible,  yet  lirong  doubli  rony  furely  be  entertained  as 
to  its  probability,     li  appears  to  me  thai  the  objeCl  in  queRion 
admits  of  an  eafy  folulion  upon  other  principles,  nnd  alfo  that 
hi<  explanation  U  grouiided  on  pofilions  not  conHHent  wilh  the 
Itnown  tawioi'  flatics. 

This  ingenious  author  alRimes  as  the  condilions  of  hii  ge-  Rtejpiiolition 
Dctal  Iheory  thu  (ha  lak«  Ihoutt  cenlllt  of  two  portioni  of^^"'*^'*"* 
water. 
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wa(er«  one  much  more  exlenAvc  than  the  oiher«  and  oonneAed 

by  a  nnrrower  portion  or  gut.    He  then  dates  that  if  Ihe  at- 

•iDofiilieric  prclFure  be  greater  upon  tlie  larger  farfece  than  on 

the  fmaller,  the  fird  will  be  deprefTed  and  the  latter  will  rife, 

and  thai  the  difference  ot  elevation  in  each  furface  occafioned 

by.  the  palTing  ol  any  given  quantity  of  water  will  be  greater 

the  fmalier  the  fur  face. 

Ko  atnififphrne       This  is  very  true;  but  it  can  in  no  cafe  hap|>ea,  that  tlia 

clmnpr  can  make  jiig^|.unj.c  between  the  level  of  one  water  and  the  other  can 

a  greater  Jtcr-  ■        ,  i  r  « 

ation  in  the  Like  aniount  lo  a  greater  quantity  than  that  of  a  water  barometer, 

ihjii  tlie  c  )rrcf-  by  a  like  change,  namely,  abuut  fourteen  lines  lor  eyery  line 

fWtif  a  waKr     ^^  variation  in  the  common  barometer.     That  is  to  fay*  if  the 

bjTom-AcTf         barometer  were  to  rife  and  fall  again  through  half  an  inch,  in 

Tfi^than  really    *^**^  lh*>rilime  of  a  feiclie,  which  I  believe  learcely  if  ever  hap- 

taket  place.        pens  (b«^  icichc  ittcif  could  not  rife  above  feven  inches.    The 

whole  range  of  variation  in  the  baromefer  could  only  caufe  a 

rife  of  three  feet  and  a  hall  indead  ol  five  which  foroetiaes 

happens. 

ilinther  theory       ^  would  venture  to  conjcflure  that  this  phenomenon  is  one 

ottered  J  that  the  a mon^;  the  numerout  olcillatory  procelles  which  take  place 

a<i     thcron       ^viien  Iwo  variable  natural  powers  are  oppofed  to  earh  etber 

tv.  ri.'uiiry  of    iu  thc  pfodudion  or  modification  of  any  event.     Mofi  fmall 

M'v^/rihcl  '  *'•  •'ikes  are  formed  by  the  cniaigemenl  of  a  river,  by  which  thc 

lake  is  fupplied  at  one  end  and  evacuated  at  the  other.     The 

quantity  of  water  in  the  lake  it  (elf  v\  ill,  in  ihefe  circumfianceSf 

be  alway<(  more  than  would  be  fuHicient  to  fill   its  capacity^ 

taken  from  the  level  of  the  lovveil  point  of  dilcharge.     How 

much  more  it  may  be  than  this  quantity  will  depend  upon  the 

ilream<  wiiicj  ei;terand  pafs  out.     An  iiicreafe  in  Ihe  quantity 

of  fupply  Will  keep  the  level  higher,  and  (o  likewife  will  any 

increale  in  the  ohftacles  to  its  Ho  wing  olf;  and  on  the  omtrary, 

if  the  fipply  be  diniiniflied,  or  if  the  facility  ot  difcniboging 

be  encreafeil,  the  level  will  hi*.  depreiTed.     Thele  cflfecls  will 

take  place  molt  llnkinglyat  (mH  at  that  end  of  the  lake  where 

the  cUicieni  ( aule  operate*;.     When  any  change  has  once  tak^ 

place,  fudi  as  that  of  thc  depiedion,  it  will  continue  for  a 

fuort  time  afier  the  caufe  hasceafed  toacl;  fo  that  the  deprcf- 

iion  wouhi  it  (elf  be  followed  by  a  rife,  even  if  the  circum- 

flaiiecs  which  cau'ed  it  were  not  alfu  (ubjecl  toa  like  variation. 

TkTseflTcAis      Ciiangns  ot  thi<  kind,  «)n  a  fmall  fcale,  are  obfervable  in  roilU 

ffcn  inbnoks     daius>  and  cvci>  in  the  fmootb  places  in  brooju  or  rivuktSj  as 

UM  i&ill-punds*  *. 

may 
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nay  be  obPerv^  by  taking  notice  of  fotne  part  of  the  bai^lr 

where  a  gently  rifing  faitd  may  render  the  changes  of  levetf 

more  confpicoous.     The  variablenefs  of  the  weather  at  tfie-l t  nuft  be  moft 

fpring  and  automn/  by  occafionin^  more  frequent  changes  in  foJi^f*^'^ 

the  quantities  of  water,  and  confequently  in  the  flate  of  thetuan. 

rirert  above  and  below  the  lakes  in  qneHion  mofl  rerider  the 

feiches  more  frequent  and  extreme  at  thefe  times.     They  will 

ahb  be  moft  erident  at  the  ends  of  a  long  lake;  and  the  other 

circumflances  will  be  modified  by  events  that  for  the  moft  part  ' 

would  require  to  be  afcertained  by  obfervations  of  the  local 

circamftances  and  events  on  the  fpot. 

The  difiin^  portions  of  rough  and  fmooth  furface  called  The  dlftina 
fmUainei,  which  are  obferved  on  the  lakes,  are  very  flrikingly  ^^^  ^|^j 
.  feen  at  fea  whenever  a  breeze  fprings  up  after  a  dead  calm,  rough  furface  «• 
This  effect  is  very  remarkable,  and  may  perhaps  be  accounted  ^^  ,]  f /^^  7'^ 
for  on  the  fuppofition  that  the  incipient  motions  of  the  air  mav  a  calm. 
be  attended  with  eddies  that  may  ad  more  flrongly  on  one  part 
of  tiie  furface  than  another.     This  however  does  not  foem  re* 
concileable  with  a  certain  fteadinefs  of  appearance  with  which 
the  fmooth  and  rough  furfaces  continue  di liin^  Irotn  each  other 
for  certain  lengths  of  time.     I  am  not  much  falisfied  with  the 
coojedlure  which  offered  itfelf  to  roe,  or  which  may  have  been 
.nentioned  by  fome  other  perfon  when  I  was  at  foa  many  years 
ago ;  but  it  at  lead  deferves  to  be  noticed  here,     it  Is  well 
known  that  the  wind  fcarcely  takes  hold  of  water  which  19 
covered  wilh  any  oily  film,  and  from  the  experiments  of  Frank- 
lin and  others  we  have  learned  that  a  fin^^ic  drop  of  oil  wiMSuppofed  totrlfe 
rapidly  fpread  over  a  large  furface  of  water,  and  caufe  all  the  trom  oiiy  mittj 
fmall  primary  waves  to  fubfide,  rendering  tl)e  furface  extremely  the  water« 
fmooth.     it  feemed  to  me  not  unlikely  that  oily  matter  from 
animal  remains  might  rife  to  the  furtacc  of  the  fea  during  a 
calm  and  fpread   itfelf  irregularlv  over  certain  parts,  which 
woald  continu*'  fii>  v.>ih  for  a  confiderable  time  after  the  tight 
commencmg  breeze  had  ruffied  the  oiner  parts,     i  think  from 
recollection  that  this  appearance  could  not  have  laflfd  more 
tiian  a  quarter  of  an  boar;  but  it  is  very  common,  and  I  often 
iaw  it.     May  not  a.  fimiiar  cauie  produce  the  appearance  in  .of  the  lake 
the  lake  o^  Geneva.  •'^°' 

The  fonorous  rep''»rtt  refemblmg  difcharges  of  artillery  feem  Thcfonomus 
very  likely  to  arife  Ironi  the  extrication  of  gas  at   the  bottom  reports  refcin- 
of  the  water,  which  rifcs  and  Ureaki  at  the  furfjcc.    1  have  f^^'^'^'^^^e 

no  ni'<lc  by  gifts* 
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DO  remark  to  make  on  this  fubjedi  but  advert  to  il  principaiijr 

with  a  view  to  mention  an  eired  not  generally  known,  but 

.    calculated  to  (hew  the  agitation  which  a  fmall  quantiljf  of  at 

Remvkibfe  ef-^^'^'"^  ^^^  can  produce  in  water.    If  a  fwimmer  fill  hu  langs 
Mt  of  agitation  with  air  by  inhaling  as  much  as  poffible,  and  then  dive  down 
l^mTb '  ^^^'    ^  defcend  into  tlie  water  tu  the  depth  of  fourteen,  twenty  or 
blown  flowlf     more  feet,  and  when  at  that  depth  flowly  blow  the  air  out  of 
fbfottgh^       his  mouth,  he  will  htrofelf  hear  a  roaring  noife,  and  the  fpec- 
4epth  of  fef^ral  tators  will  fee  with  furprife  the  furface  of  the  water  raifed  into 
f'eec  beneath  the  ^  round  or  conical  mafs  about  a  yard  in  height,  with  the  water 
flowing  round  on  all  fides  over  a  furface  of  feven  or  eight  iquare 
feet.    I  have  little  doubt  but  that  the  noife  of  this  rifing  co- 
lumn of  water  with  the  breaking  of  the  bubbles  of  air  wouU 
be  very  remarkable  in  one  of  the  fiill  evenings  or  nights  of 
iammcr,  when  the  eflTed  of  noifes  is  remarkably  more  im* 
prelfive  than  when  the  louder  founds  of  the  day  render  them 
lets  obfervable,  and  in  many  iufiances  altogether  inaudible. 
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Experiments  to  ajtertain  the  hefi  Colour  far  marking  ike  Neaitf 
Pieces  of  Ctdton  or  Linen  in  the  roughs  which  fludi  be  capMe 

"  (f  rejifting  the  Operation  of  Bleaching,  om  well  as  the  mof 
complicated  Proctfcs  of  Calico  Printings  xiithout  Jftreading 
beyond  the  Limits  qf  the  Imprefion.    By  Mr.  Ha vfpm a-vv.* 

Piopeitki  It*  ^N  order  that  a  colour  may  be  proper  to  mark  piece  goods 
quired  in  a  good  of  every  kind  it  is  requifite  that  it  fliould  contain  no  fubflance 
orfaik.  or  drug  capable  of  foluiiun  in  alkalies;  it  is  equally  neceflfary 

that  its  component  parts  (hould  not  become  white  by  oxygena- 
tion, and  that  they  (liould  romain  infoluble  in  acids  fuflBcientljf 
firong  for  the  bleach inji;  proccfTes,  as  well  as  for  the  operations 
antecedent  to  (he  calico  printing. 
Oil  coloort  are        Colours  c  mp:'(e(t  of  drying  oil  cannot  therefore,  as  I  have 
^?^^"^^^5r  found,  be  ufefui  in  th  .fc  kind  of  marks  becaufe  they  are  not 
ftc*  only  attacked  by  alkainie  and  loapy  liquids  biit  Jikewife  be- 

caufe they  i!)  (lowly,  an  J  by  fpreadin^;  beyond  tlie  limits  of 
impreffioi),  vcy  ok%r.i\  occaGon  fputs. 

*  AnnaUs  dc  Chimie,  LIIL  20S* 
5  If 
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If  ihe  eoToun  of  ri>itilunai  vimilhei  were  not  fubjefl  io  iho  Virniih  eo^ini 
inconvenience  of  loo  fpeed;  cvspuriiion  and  drying  ihey  woold  ;„  ih  "rtfjiea. 
beinatlmiffiblcnn  another  arcount,  ntmely,  that  [he  lurpenline 
■nil  rc(ins  are  eafily  convened  into  fnap.  Gem  copal  is  e<{itaU  Cspal  jieUt  w 
ly  unfit  for  madiiiijt  colour",  becaufc  it  quit*  the  piece  by  "''"'• """'" 
(imple  ebullition  in  water.     BjI  as  the  vamirh  which  I  have 
made  defends  velTtli  of  copper  or  any  niher  incul  frorn  lite 
afli«n  of  acids  of  a  certain  ftrenglh  3«  well  a«  from  that  nf  the 
simorphere,  I  have  ihought  ii  might  not  he.  unacceptable  to 
defcribe  ilt  cumpufttion  in  this  place.     To  obtain  this  varnifli  PtoetCiUmik- 
from  copal  as  pate  and  as  clear  as  water,  this  gum  inufl  be  te-  JJ!^'  'copITia 
duc«d  to  very  (ine  powder  and  expufed  with  twelve  part)  of  powder  ;>  diT- 
ttm  fincft  oil  of  turpentine  for  feveral  days,  or  until  it  (hall  be  ^^^^  ^^ 
completely  diiTolved  at  a  moderate  heat  on  a  fand  baih  in  B  ;„  oil  of  lutyen- 
vapfule  of  hrafs,  ftone  ware,  or  porcelain,  taking  care  to  ftir  f  ""- 
■I  3(  often  ai  poilihie  with  a  rod  of  fjlafs.     At  the  moment 
when  the  confiftence  of  fjrup  begins  to  take  place,  the  ei»ir« 
folulion  of  the  copal  is  effefled   by  agitation,  particularly  if  a 
fmall  quantity  of  oil  of  turpentine  be  added  from  lime  to  lime 
to  fupply  the  [ofs  by  evaporaiioD.     Three  fourths  of  the  oil  of 
(urpentine  which  it  loD  by  evaporation  when  open  velfel}  art 
'  «fed>  <nay  be  favod  by  performing  the  procefi  in  a  long  necked 
^■nattreft,  which  is  to  be  expofed  on  a  fand  balh  a  fulhcient 
'lime  lo  complete  the  folution  of  the  copal,  and  fhaklng  it  very 
"cfum.     The  •amilb  obtained  by  either  of  thefe  method)  be- 
"^omes  yellowini  if  the  heat  be  urged  too  llrongly;  and  ai  bjr 
ill  too  glutinous  continence  it  would  be  ditficuh  in  its  applica- 
lion,  it  is  convenient,  inflead  of  diluting  it  with  oil  of  lurpen-  Ti»uti)  or. 
line,  to  roix  it  with  one  fourth  or  one  fiHh  part  of  iti  weight  o'^||l(tj'^,5^»i^ 
••Icohol,  taking  care  not  to  ufe  too  much,  becaufe  an  excefs  |ioi> 
would  render  it  of  a  milky  white  by  the  precipitation  of  put 
lefihc  copal,  which  cannot  admit  in  ilt  folulion  more  than  a 
cerlsin  quantity  of  alcohol  wiihoul  precipitating.     VelTols  ofMeaffis  viflWi' 
brafi  or  of  any  other  metal  may  receive  one,  two,  or  three  ,'fL'"if,i,.j  ^^ 

J  >  '  '  niln  bJKFa  upon 

"eoatingt  of  Ihii  varniHi,  and  mull  be  each  lime  well  dried  in  ihcra  nokf  be 
the  overt.     After  this  treatment  they  may  be  wallied  wiili  boil-  "*^I^^'{^ 
tog  water  without  irijiiry.  and  may  even  be  expofed  lo  a  flill  out  injmj. 
•greslet  heat  without  the  varnilh  coining  oil';  but  thefe  veifels 
nuft  not  be  rubbed  with  faml  or  other  hard  bodias. 

&f  meant  of  oil  of  lurpentint-,  which  evapoiatei  and  dries  A"  oiif  som- 
^  leb  fpeedil;  lUo  alcohol.  I  luweeded  in  m»kins  a  black  com- 1*°^"  rm^'."?'" 
poll  lion  a^a  itgdt. 
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pofition,  which  I  cxpefled  might  be  ufed  wtth  advantdge  in 
marking  piece  goods.  For  this  purpofe  nothiDg  more  is  need- 
ful than  to  diifolve  flowly  on  the  fand  bath,  and  with  cOnfianC 
agitation.  One  fourth  of  its  weight  ofarphaltam  or  bitomeny 
judnicuiu  well  pounded,  and  afterwards  to  mix  as  mach  lamp 
blacky  or  any  other  dark  euloured  mineral  in  fine  powder^ 
fuch  as  black  lead,  galena,  or  the  like.  This  colour  may 
be  had  more  or  lefs  thick,  by  due  proportions  of  the  oil 
of  turpentine  and  bitumen;  it  prints  very  well  wilboot 
running,  if  ihe  proper  proportions  be  attended  to,  and  a 
little  oil  of  turpentine  be  added  when  it  becomes  too  thick* 
This  bituminous  colour  fuppurts  the  a£tion  of  alkalies  and 
of  oxigcn  very  well,  and  refilis  all  acids  of  moderate 
ftrcngih. 

As  1  thought  it  unnecdTdry  to  continue  my  experiments  on 
oil  colfiurs,  I  made  my  experiments  on  watery  compounds  in 
the  following  order. 

Sedtion  I. 

Txtit  marking         I  dillolved  in  four  ouncey;  of  water  one  ounce  of  the  fuTpliale 

procefu.  An  im-  „f  Maiiitanefe  without  its  v\;iler  of  cryftallization  :  that  is  to 

prclfion  18  made     .         ..-.,/,  .  .,-  rt-         i  • 

vf*  lolutioii  of  '^y*  >t  was  m  the  ttnte  it  pollenes  when  oxigen  gas  it  pro* 
luli.hate  ot  man-  cured  from  the  black  oxid*.-  of  nianganefe,  by  means  of  the 
With  gum,  and  ""Iphuric  acul,  and  by  raiiiuj;  the  lii^at  to  ignition  at  the  end 
covered  wUh      of  ihe  proccfs.     This  fdlistion  was  thickened  with  one  dram 

Uh  be^n^'th-n  ^'^^"^  ^""^  adragan  in  pov\dcr,  and  coloured  with  lamp 
dipped  in  alkdli,  bluik,  in  order  to  diftinguini  exactly  the  impreffion  which 
thcmangwefe  ^^,  ^^jji^.  ^^^^i;.  ^.|j.,  j^j^  jj^^.j.   (.^^y^^^  metallic  mafs,  of 

krown  oxide  which  ncverthciefs,  wc  cannot  m^ke  cflk'ctive  ufe  without 
which  afTOTdi*    plunging  ihe  end  of  the  marlad  piece  inio  an  alkaline  Icy, 

niaik  not  to  be...  i.*<iii  <<>i  i*i  .  >•■ 

difchargcii  by  takuig  care  that  It  niall  not  fir  11  he  welted  with  water,  which 
bleach  jg,  or  by  would  Carry  ofl' the  falinc  maticr.  The  ley  may  be  made 
.^^^|"|^"^  with  potafh  or  foda,  in  the  proj)nrtion  of  one  part  alkali  to 
nine  or  twelve  parts  waler.  Il  may  l)c  ufed  in  the  flate  of 
carbonate,  or  rendered  cauftic  with  half  a  pari  of  quick  lime. 
The  precipitation  of  Ihe  oxiile  of  manganefe  from  the  marks 
by  eil'.ier  of  thefc  alkaline  foluinns  will  take  place  (exdufive 
of  the  ftain  from  the  lamp  hlacL)  of  a  \eliowilh  white  ciolourt 
which  will  become  moit;  and  more  brown  by  attradting  the 
o\i>^en  of  the  atmofphero.  The  change  of  thele  marks  to 
the  brown^  and  even  to  a  deeper  colour  ii;clining  to  black. 


teniKtVtt    COLOVK    FOX    LIHIH,  8(C. 


witi  take  place  vet^  Ipecdiljr  by  bleaching  with  Uie  oxigenated 
alkaline  murialic  Tcy,  the  pieces  of  which  the  en<ji  have 
I^*en  jitiiii)!Ml  tijt  k  few  minolu  in  the  alkaline  as  beforo  pPc- 
fciibe''!.  There  mnrki  of  ihe  brown  oxide  of  maRgande 
rcfin  iioi  miIt  all  the  bli^arhtng  malvriah,  Bnd  all  aciife  of  a 
re()uifiiertRr«.  bul  likcwife  ihe  moft  complicated  procefi  cf 
inuiit6CIttia  ul'  calico  printing. 

SeSion  II. 
If  Ihe  acetic  acid  tad  not  a  much  llronger  affintty  with  Tht  »MtiM 
saangMWI'e   thai)  it  hat  with  iron,  axid    if  i(  difenf^ged  i*-^a' "Muftdv 
fetf  ai   readily  Cwid   ihc  aciMale  of  manfjanef*  a»  >l    does  oui  ihe  fjim 
fron  the  Bcelic  folution  of  irnn  by  evaporation  and  drying,  ^"i^'Ji*,'', 
we  (bo aid  be  able  to  procure  indelieble  marki  in   (he  mon  cofllr  itmui 
Smple  manner,    by  depofiling  llie  oxide  of  manganefe  on  ''J™"'- 
piecff  ({ooda  by  meant  of  the  acetic  arid,    and  afterward* 
limply  Wving   ihc   oxide  la   ihe  ullr^flion  and   falantioa  of 
oxigcn  Irom  the  air.    The  acetic  folulion  of  manganefe  is  very 
readily  obtained  by  mixing  a  proper  quantity  ot  acetate  of 
lead  in  a  folulion  of  fulpbate  of  (oMiganefe,      But  u  rtu« 
acetic  (oltiliori  afTordi  no  advantage  in  marking  piece  piodit 
bcVMid  thofe  of  ihe  fulphaie  oj'  manganefe,  and  at  it  requires 
pmifdy  Ihe  hraB  management  at  that  defcribed  in  (he  htt 
fcAion,  and  i(  i»  like  wife  more  evpenGve,  it  dcferrei  K>  btr 
r^ed. 

Seaioii  HI. 

T«n>  oitnceii  of  falphaie  of  magnefia  (iilfulvcd  in  «ighl  SulpbiU ef 
ouncef  of  the  acetic  fviuijonof  iron,  concentrated  to  'he  point  "J^^^*!*^ 
indicated  by  (weniy  dcgreei,  sfTord  when  thickened  with  inHeduberon:. 
one  fortieth  part  of  gum  adraquack,  a  deep  yellow  ''I"*' ^l,^"""™ 
whidt  becomei  more  and  more  brown,    nlien  treoied  ab- 
folaiely  fn  the  fiitne  manner  aadefcrtbed  in  the  ficlj  paragraph. 
The  acetic  Ikilutiim  does  not,    however,    aSbrd  any  other 
advantage  but  that  of  cauJing  the  mark*  to  dry  a  liille  mors 
fpeedily ;  for  the  ovide  of  iron  dilfolvc*  in  acids  accordingly, 
as  it  is  nxigenaicd.     I  give  the  preference  to  gum-adragant 
£iT  ihickenin^  colour*.  In  other  gumt  and  la  llarch,  becanfa 
thcfe  fubSinces  ivcaken  the  colours  loo  much ,  if  however, 
iliere  flionhJ  be  any  ufajeflion  lo  gura-adragan  iii  co«fe  geodit 
Itarch  mty  be  ihca  ufod. 

Vol.  XIJ.— NovEMiSR,  leoj.         P  Scaioa  IV. 
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MarkiprAtnl  .If  care  be  (akea  in  iha  pcoceTt  of  difengAgkif .wtgW  ||M 
Mide'^illX  '-'^  ^ miiuuw  ol  tbi>  bUiL'k  ukidii  of  madfaBeTe  and  fbtplAiPic 
gviefeobt«ined  achi»  Dol  (o  carry  thu  Ace  to  igffntiM«- Iba -.faiiiie  refitlatf  fH- 

RiWk^tVhl^iK.  "^*^  biM'luA'*-  >n(li9Ml  or becomi nt(  yeUofifiai  wMfto  «y  AMog 

afford  fixed      'beat.     When  tfeit  refidue  it  diflUved  in  water,  i|' leaves 

•""^ff**'  ^*'"P*' behind  it  an  oxide  of  a  deep  grey,  which  acqaires  a  veiy 

impre  ion.        ^^^  coofiftcnce  on  the  fiUre.    Tbii  oxide  inmed  wllh  k  very 

liui^  water^i«keAed  with  gum  adragaat.  aiajr4)«'Uredia|>rllt 

SMrki  -ot  a-  very  deep  grey»  which  dritt  fpe6dily^~midlffi> 

colour  does  not  wa(h  oel  With  water»  even  Ihetagh'-lhtf-  fab- 

fequent  dipping  in  an  afiiali  be  omitted.     It  is  'foliaed  ibat 

it  not  only  fuppert«  the  *6l)on  of  alt  acidt  of  4he  tbanufklBr- 

ing  ■ftrengtfaij  but  likewiff  ell  the  bkaching  and  prialinf 

proceflet.  without  attiaciing  thQ  cetoaring  matter  4if  anydjie 

whaUfver. 

Sedion  V. 
Addition  of  th€      If  there  were  no  reafon  to  iear  io|ariBg  inii  flight  dejpae 

tla'^Theli^lf-  ^^  P'^^  ^^^^  the  mark  if  made,  it  woaldlic  advaatageoas 

ing  oxide.    It    lo  employ  eqnal  paru  of  the  lad  defisribcd  greypaAe,  and 

affords  a  dye.     gf  j^  QJifQ  muriatic  folution  of  tin,  containing  one  tboitb  part 

of  the  metal,    and   thickened  with    gum*adragath*      This 

colour  is  as  unalterable  as  that  of  the  fourth  fedlion  f  and  it 

.  has  the  additional  advantage,  that  its  oxide  of  tin  bemg  &• 

turated  with  oxide  of  oxigen,  attns£ls  the  colouring  parts  oi 

««  any  tindure,  and  accfuires  a  puce  colour  by  madder,     i-muft 

obferve  on  thisoccafion,  that  by  the  (ame  madder  dye^^the 

t  coloorsof  marks  from. the  oxide  of  manganefe Saturated -arith 

*  oxigen,  become  of  a  deep  puce  colour,  inclining  40  black, 
whereas  in  a  let's  oxigenated  fiate  they  acquir^fainterlfiMdes. 
Inalithefe  circumlbinoes  however^it  is  nquifitc,  ifaut  the 
quantity  ot'  metallic  oxide  fliould  be  as  greatas  peiBbie;  other- 

•  wife  the  (hades  will  be  various,  and  lefs  inteni'e^    ' 
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Exppnments  '  ^"  mapyi  in foluble  metallic  oxides  acqttire  the  propeity  of 
with  the  pre-  adhering  to  fitifiii  by  laeaos  of  acid,  I  did  not  iail  to  try  whether 
""i^'fe  and  7o'i^>^^^'^^  w^d'.be.lilB  cafe  with  the  pracipitate  of  oiai^nere 
tiunof  iron.       falurated  wiili  oxigen.    For  this  purpofa  jdiilblved  one  part 

of 
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of  fulphate  of  manguiere  in  fix  paiii  of  witer,  and  precipj-  tfiMrtmcau 

(aled  the  mvUl  by  adding  to  the  point  of  TalurMion  a  cftuflic  ^''un^mu* 

•Ikaliiie  leyt  made  wilh  half  a  part  of  qitick  lime,  lour  puU  f>nrit  ul 

of  water,  and  one  pad  of  calciocj  polalh  of  Ite  ftupt^    j^e '"'•*"""'*^ 

precipitate  was  |ellowilh  white.    To  Itie  whole  aqueous  maft 

I  Ihen  added  a  TuRicienl  quantity  of  oxigenated  muriatic  alkt- 

line  ley,  uniil  tht;  prucipiiatc  waa  completely  Otturated  with 

oxigun,  aiuj  il«  broiva  colour  became  no  deeper.    1  tficrward* 

coUefled  on  a  tiltre  liic  precipiiale  or  brown  oxide  of  mariga- 

nefc,  where,  by  the  drainaKe  of  it)  walcr^  it  became  paily. 

This  bfOHi)  paAe,  mixed  with  half  Hn  w«iglil  of  the  malt  coiu 

ccriiraled  acetic  acid  no  longer  afforded  any  but  a  weak  brown- 

jftl  fliade;  it  wai  the  lame  with  a  ftnatl  addiiion  of  one  or  Uw 

Other  of  the  three  ancient  mineral  actdi  in  a  Ante  of  foIotiOD- 

•i  did  not  fucceed  belter  by  mixing  one  part  of  ibe  liune  bronm 

.  palle  with  an  equuj  quantity  of  the  acetic  folution  of  iron. 

marking  20°  of  the  areometer  of  the  falipeire  mak«n  and 

thickened  with  gum  adragLintb.     Thii  acetic  foluiiun  of  iron 

containing  only  the  quantity  of  oxigen  neceflary  for  the  folu< 

-  lion  of  the  metal  ceafed  by  a  Aioiigei  aSinily,  the  oxcflfi  of 

ratigen  of  the  brown  uxide  of  manganefe,  which  in  ita  turn 

became  dilTolved,  and  ihe  mixture  of  the  two  mslallic  folutioii  j 

afforded  a  yelltfw  teddilb  very  deep  and  traufparent  liqaid, 

wtiicli  conlirmt  tlie  U,&  ibal  a  melal  faluraled  with  oxigeo  re. 

quirei  leli  acid  for  iu  folmion  than  if  it  were  in  an  oppotke 

Aate,  and  Ihai  being  then  furoilhed  with  an  excefi  of  acid,  tb« 

folution  fatuialed  wiih  oxigen  caa  admit  a  ponioo  of  anoiber 

neltl  without  becoming  tuibid.     This  mixed  iolulion  of  iho 

two  metals  afforded  me  only  a  ruAy  yellow  which  waf  dif- 

chargcd  by  weak  fulpburic  acid  completely,  in  fusewhat  Ufa 

time  than  wai  required  to  (alee  out  a  rufi  fpot  in  a  lei's  ox'gono 

Kted  Rate.     In  order  to  obtain  Irom  the  mixture  of  thele  two 

ncUllic  ibiulions  an  indelible  markirig  colour,  it  ii  neoejiary' 

ihai  ihe  marks  Ihould  be  fleeped  for  fever*]  minales  in  an  mi- 

genalcd  muriaiic  alkalirM  iey,  le  procipilale  and  faturale  iho 

oxigen  of  the  oXide  of  msnganefe.     By  mixing  half  a  part  of 

the  brown  pafle  of  manganefe  to  two  parts  ot  ihe  folulion  of 

tha  two  rnetals  the  new  portion  remains  gnlouchcd  and  renders 

the  whole  turbid.     This  turbid  oiTXtur*  left  only  a  ligtH  bnwn- 

i<h  Biark  nsi  piece  goods,  which  had  rvonned  l«ng  \a  tfwdi. 

Itited  fulpliutic  acid. 

P2  By 
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The  muriatic         By  meant  of  the  muriatic  folulion  of  lin»  which  ha«  the 

takei  up  the'os*  P'^P^^'^y^  ^^  foking  the  oxigen  frxnn  mafiy  vegetable,  anim*!. 

ides  of  iron  and;  and  mineral  fabftances  and  which,  on  ihi^  acCoonft«  it  ^ry 

«#  minganelek-    ufefttl  in.dying^  as  well  as  in  calico-printing.     We  may  dif- 

colour  and  diflblve  anftantly  the  deeped  oxide  of  manganefe 

and  of  iron,  whicli  |>roves  the  preponderating  affinity  of  Itn 

towards  exigen  beyond  that  of  manganefe  or  of  irop. 

A^.  B^  There  is'  no  reafon  to  objcd  to  fieeping  the  marked 
goeds  in  an  alkaline  ley;  the  operation  is  fpeedily  made  wiib* 
out  fenfibie  Kofs  of  potafli  or  of  foda«  if  the  operation  of  Ux- 
ivialing  be  immediately  proceeded  upon,  for  whicb  the  re* 
roainder  of  the  ley  may  be  ufed.  And  generally^  if  (he 
praflicc  be  afed  which  hat  been  adopted  for  a  number  of 
years»  of  rendering  the  alcalies  caufiic  witji  quick-lime,  the 
ikving  will  be  confiderable  and  with  better  efle^. 


xin. 

Note  &n  the  Formation  qf  Water  by  mere  Comprefioni    vdik 
BeJie6tiowt  on  tfie  Nature  of  the  EUStric  Spark*     Bj^  M, 

BlOT.* 

Thaeozigen  IT  was  fome  time  ago  that,  in  couverfalion  with-  M*  Ber- 
may  unii^^y  ^^^^^^^^  ^^  *hc  nature  and  properties  of  heat,  I  communicatnl 
prefTurc.  to  him  the  perfuafion  I  had,  that  the  combination  of  hidrogcn 

and  oxigen  gafcs  rai>>ht  he  determined  williout  the  aid  of 
ele6lricily,  and  merc;1y  by  a  v^ry  rupid  compreifion.  This 
refult  appeared  to  me  a  confequcnce  fo  immediately  Ibllow- 
ing  the  obfervations  already  made  on  the  heat  difengaged 
torn  air  by  comprethon,  that  I  thought  it  needlefs  to  afcertaia 
il  in  any  other  manner.  But  JKiving  fmce  converfed  with  }kfr. 
l^a  Place,  he  appeared  fo  inlerefled  as  (Irongly  to  urge  me  to 
a  verification.  I  theretbre  made  the  experiment,  which  com- 
pletely fucceeded.  It  was  made  in  the  cabinet  of  Uie  Poly- 
technic School.  I  am  greatly  indebted  to  M.  HaflTenfratZp 
profcflbr  of  natural  phitofophy  in  that  cnabliQiment,  for  the 

*  Read  to  the  National  Inftitute  of  France^  and  infarted  in  the 
Amialci  de  Chimic    LIII.  32U 

great 


COHBINATlOti-Oi'    GASM^tU, 
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Theff. 


gnu  attention  bapaidinoavJif^'ttie'requifilc  fmparatidaf^o 

bt  mide,  mltd  t^  his  perfona)  >llif1anc«  to  r«f<«wing  id 

We  look  l!ie  firinge  vi  an  Bir.gun,  the  boUon  of  wliJch  BipcrinwBt  li 

vtM-eMcd  by  a  vary  lliick  ghi',  in  oritcr  tliatwe  n)iglH'flb-^[ 

iemethelight  difi^ngagcd  as  u(usl  by  coini'Tcffiun.     TO*  Ty  gun  tilled  up  fs 

rtiige  wM'Of  ironi  il  had  a  cuclt  on  one  Gde  '« '"•'^J''*^^-*''*  t'af"  Mridn^ 
gales,  aod  iU  lower  exIramiLy  on  ilie  (ida  of  the  plflon  wm  onnfp<aion 
enveloped  by  b  cylinder  of  lead,  fufficiently  weighty  to  iece- '""g'''""^' 

'Jefate  Uio  fail  end  render  ihe  comprcOinn   more  lapid.     This  with  AmAcn  I 
apparalu)  wai  Tird  tried  by  Introducing  alroolpheric  sir;  biH  >i"  , 

though  the  ekpeiiraent  wan  made  in  the  dark,  no  perceplibfe 

-light  wa«  foen,  ^irobably  becaufe  the  viotmt  motion  neceflary 
fur  th«  rapid  compfelfion,  prercnled  the  operator  fron  look- 
ing lb  dtr«Aly  lhroug:h  ihe  gUh  as  to  perceive  the  (ranfient 
light  which  cornprelfion  difengages,  and  trhich  1  tayftif  had 
leveial  lime*  Teen, 

Immediately  after  this  trial  a  mixture  of  hidrogen  and  oxigbn  »'"i  "fw*"^* 
gBTes  wa»  introduced  into  llie  fyringc,  and  a  liroke  was  given.  ^'  „i.ja'  ^^ 
An  extremely  brilliant  li|;hl  appeared  wilh  a  loud  delonatian :  hidrogcn. 

.TbegJaft  boUom  was  driven  out:  The  copper  fc">w  •*'cb  J^^l'^j"*^ 

,TCUiited  iliu  its  pliKO  (vaa  brokenj  and  Ihe  peiiun  wboiield  ihonjiumin^ 
the  fyringe  had  his  hand  iJighlly  burned  and  wounded  by  ihe"^''''''^' 

.  iorceoflha  eKplofion. 

The  expcfiinenl  wa«  repeated,  by  fubflllfiling  a  bfafi  bol-  Rtpedtioa  wtth 
ton  of  onu'  entire  pioce  fci-cwod  on  niftead  of  ibsl  of  glafe.  ThTfytlnge'" 
<Mld  a  new  tniKlore  of  the  gafes  wu<  miToduced.     The  lull  buiO. 
Iliake  oi  ihe  pil^on  produced  an  explolion,  which  wa«  heaid 

..  |ik«  ihe  lAud  cmdc  of  a  whip  ;  but  a  fecond  flroltc  with  •  new 
diargjie  af  lliegafet,  enuled  a  drionairon  whictt  broke  or  rattier 

.  4ore  tl>e  body  nl  Ihe  (yriii^e  it  illi  a  viuleni  enploHoH. 

lAftw  tlipfc  phenomena  iJiere  «ui  remain  no  uoobt  tof-pt&- 
%  iBg  >lha  oombinaliort  of  ihe  iwu  e<ilcsi  ai  ii  ii  knoWn  that 
Ibia  cond)>tiutian  produce*  the  detonation  by  (he  Mi'ittttrfo 
quantity  of  hial  direnga^ed  when  they  itafa  to  lb*  Hl)i4d 
Aatc- ;  a  head  whiob  i>  lutHrieni  iu  reduce  ihprn-  tamsdiataly 
into  vapour,  and  give  ihein  an  eicellivt:  dirrflaiion  in  tlinl 

.  ^at«i     it  WM  not  tbtpatore  ihougitt  Mti-Oary  agittn  t«(«p«M 

t  ibia  cxperinient,  which  isatlaiideri  with  (one  i'ai>^[. 

TlA^-tkoory  of  Ihefo  pkanneKnfc  »' «»ifirel\itiiti^.'    AThtatjT^ 
rf.il«ptd  comprcllion  forces  Ibe  gafies- to  abandon' s^ery-jrT^t^''^*^'"*  *"' 
3  tjuanlily 


I4f  eoMBiKATioif  or  oA»t>i  flee.' 

quui>i(ji  of  hetl,  which  nM  being  capiMe  ftf  imm«<fi«le  ^tlB* 
paiion,  raifei  their  lemperature  in  the  mftanl  l«fliO)eal)v  Me 
inflame  them  in  this  fhtc  of  comprenion. 

That  it  U  that  we  find  in  the  iwu  ga.(e%  all  ide  elotnmti 

necvlTary  fpr  iherr  combination,  imlrpendtnll;  of  the  eleArie 

fpuk  or  exlcrnal  heaf.     We  might  probably  In  the  feme  nlita> 

ner,  and  without  any  forrlgn  agent,  pro(lD(«  all  the  gafiMUi 

conibinatton«  which  require  an  increafe  of  temperature, 

DWuflion.  This  idefiiiiy  of  refult-i  hoi  led  mc  (o  a  notion  which  I 

fpaViMy'ron'    fubioit  lo  tile  jodjjrinent  of  philnfijpherii.     ll  it  known,  andM. 

(.il  m«.ly  of      Berihollel  iia»  lliewn  il  In  hi?  Chemical  Staiica,  thai  elearieiljr 

"imtl^fnfW '"  P'^ng  'hrough  bodies.  pr«tuce«  a  true  compreflio*  of  Iboir 

fiatticles.     Thii  cRVfl  i^  produced  wiib  the  moll  extrente 

velocity,   *^  may   be  provod  by  an    afiinily  oF  experiminitii 

JUdw  elrA'iciiy  polTeiling  a  velocity  fo  great,  it  i>  irapolGbItt 

that  it  fliould  not  difcrgage  light  trom  the  air,  fi nee  we  can 

difengage  il  by  a  coroprefliun  To  much  leCs  rapid.     In  ihit  ^ay 

it  H  that  wc  uc  led  lo  a  condulion,  that  this  refall  of  llie 

eledric  fpark  h  the  putdy  roe^hanical  effect  of  coaipreflSea.' 

Marc  uBple  «E-      ll' we  |iow  c<>nipaTe  what  pallcs  in   our   coiidenfing  pflisp 

•Sl^'^TdJlir'""' '"  '''*  *"*'>™n«'"'  of  Volla,  we  Ihal)  find  that  llip  snak^ 

ol  clcftric'mit.  ■■  complete,     Onl)  that  in  the  lirli  cafe  we  are  obliged  (o 

*"  "''^*™»'X  conficie  Ihc  air,   becaafe  ihe  velocilj  wc  ran  give   lo  the  pB". 

'  ■  ■■       Ion  i*-luniied.    Wherea*  in  employing  dedricity,  the  particle* 

«ro  compralTed  by   a   i-clocity   fo  great  that  they  can   Mvet 

withdraw   ihemfelves  with    fufhcient   fpeed   from   its    eSofU 

Therefore  the  eompreHioo  may  be  equally  well  made  in  iha 

-<fpen  air,  together  wilh  the  difengagement  of  liKbl  or  Uta 

(parte,  which  in  Hs  confeqiience.     But  ihii  effeA  w  leca)  ■,  and 

if  Ihe  gafes  be  not  lufceptible  of  combining  together,  flinuld 

after  each  eKplnHon  return  lr>  their  primitive  dlmenrion*,  they 

ntuft  immediaiely   refurae  in  this  dilation  all  tho  httlt  lbey< 

ka^  before  difengaged,  fo  ihal  there  cannot  be  aS(eAe4  i^j 

Mlog  change  in  their  conflilution.     ThU  explaini  whjljift 

slteralion  ha<  ever  been  r<.-en  in  very  puie  unmixed  gafc!, 

,  when  fubje£led  to  the  aciion  ot  ihe  cIcAtic  fpaik. 

■nd  ilfn  the  rn*     TWs  light  which  elefl r icily  difengages  from  ihe  gafet  by 

-t^^"  """**  compreffioo,    il  muft  alfo  difengage  from  llie   more  rarificd' 

gafe*.  and  on  account  of  iti  exlrerae  velocity,  it  muft  dilcngaga, 

it  even  from  vapoius>  when  experiment;  arc  made  und«t  th« 

recei»-«r 


ACCOOUT    or   IHEILM0UBTSB3. 

receiver  of  an  ail-pump  or  inlhe  loihcelian  vacuuin;  For  we 
caa  never  /orm  a  perfect  vanaiTi  with  our  ffiachinu,  ftnd  r 
IR  llie  Utui  of  tho  baromcler  mercury  always  cxifu  in  lh6 
form  '4'  vapours.  Tbefe  vapours,  llioujjii  vet)  rare,  /lill  con- 
Uin  a  large  quanlity  of  calorrc,  nliich  the  electnchy  tmift  Uif' 
cngage  ill  its  palTage  by  couiprellion ;  bul  llip  iiiflantanediki 
■ugoieiitaUun  of  eleAricily  which  refulh,  cannol  becuine  feo- 
-fible  on  accounl  of  the  little  denliiy  of  ilic  mviliuin  ;  but  tKr* 
incrcafe  is  perceivable  in  d^nfcr  air,  as  He  fee  in  tin;  in{^ru- 
ipeDt  called  KinneiUi-y's  ilieroiomctcr. 

The  con (! derations  ivjiich  I  have  liere  made,  appear  to  nie  CunduBon. 

to  point  out  with    fonie  probabilitvi   liiat  the  plienomeiioii 

called  the  ele^ric  fpack,  \t  Giving  to  itie  light  difcngaguil  (turn    ■ 

ihe  air  by  compreirioii  ilunnj;  llie  palTngc  o(  tha  ele^icity; 

lb  lha[  this  phenomenon  is  purely  mBchanical,  and  nut  at  all 

efeSric  in  Itfclf.     This  h  ilie  notion  which  I  fubmil  to  tijo 

*)  judgneut  of  pliilofophefc  if  il  be  (rue,  it  nmjt  tend  cnpfi- 

I  durably  lodirainifli  the  number  of  liyp>j|l((.'fv(  whlcti'have  a1. 

,  (eady  been  made,  or  may  be  made  on  llie  Dalu[e  of  elefiri- 

,  nly.     For  I'lis  reafon  il  is  that  I  have  offered  it  to  'their  cor- 

iidefalion,  requeliing  that  it  may  nut  be  be  thought  that  t 

guilder  il  at  of  greater  importance  Ui^n  their  deljber&le  e?:!tf 

jnination  may  beOow  upon  il. 


tff  ThermomeUrt  for  rtgijlcriit^  the  lughefi  and  loatji 
TtMperatuf^i  in  the  Abj'ence  qf'ilie  OhjWttr.     fly  F.  A. 


To  IVIr.  NICHOLSON. 


SIR, 


jVIaNY  conlrivance;  have  been  propofcd  and  adopted  for  Then 
,  rrgifliiring  all  the  flalion?  of  the  llicmio meter  and  bammpter,  J^**^ 
by  means  of  a  goal  or  other  equivalent  inftrument  pirryinj(,a  the  w 
pencil,  wfiich  marki  il«  lilualion  on  a  furfacc  gradually  inovied 
f^ung  by  meaoi  of  a  clock.     Tliefc,  of  Mhich  meleorologllTf,  ^ 
jiiiow  [he  value,  are  ncverilielei^  expenfive,  and  require  a 
^  decree  of  care  and  roanagcniCni  fufidcnl  tp  render  ^«]|i|ier     '' 
contrirftnce* 


glS  ACCBVVT  or  TRBXllOlk«TCAS. 

Six'ithermo-    coiitriVances  accepuUe.     Mr.  James  Sni  ^MOMmiiiicaledv 
'^^^  about' ?3  years  ago,  to  the  Royal  Sdciefy  *  IhcnnosMlflr,  in 

which  two  fmall  indicating  pieces  were  driven  by  Uie  ^id*  id 
the  hibea  tailation^  where  lliey  fiack^-and  remained  «fiar!ae 
change  of  temperature,  and  Oiewed  the  higheA  ^nd  4efweft 
degrees  that  had  occurred  fince  the  laft  placing  of  them  in 
contaft  with  it.     As  this  inflramenl  is  fefficiently  known,  atad 
I  am  now  to  advert  to  a  (impler  contrivance,  I  will  difaiifs 
that  fuhjfdl  and  advert  to  this  lad. 
Objcaioni  to  it.      ]n  Mr.  Six's  complicated  thermometer  the  tubes  were  «er« 
tical,  and  the  indexes  ftack  in  the  glafs  by  their  fpring^  be- 
iides  which,  a  fmall  piece  of  (leel  wirebeing  expofed  lo  aleb* 
Another  ther.    hoi,  was  at  length  oxided  and  fet  kfk.    The  Other  eentviviKe 
^wi^hcri^^^  now  to  be  feen  in  all  our  London  fiiops,  and  refpcaing-whidi 
^andkift       you  will  do  an  acceptable  fervice  to  yoer  raaderft  «nd  the 
tempencuret.     fcientific  world,  by  inferting  a  (ketch  in  your  Journal,  oonfifls 
fimply  in  two  tbermometer^i  one  neroirial  «|)d  the  •Clier<of 
-alcohol  {Fig^  I,  PL  X.)  having  their  ftems  horizontals  «nd 
the  former  has  for  its  index  a  fmall  bit  <if  niagnelical.fleel  wire, 
and  the  latter  a  minute  thread  of  -glafs  having  its  two  •ends 
formed  into  fmall  knobs  by  fufion  in  the  flame  ofa  candl6r  • 
DefcriptioB.    It     The^magnelical  bit  of  wire  lies  in  the  vacant  fpace  of  the 
therm nn*""^*    mercurial  thermometer,  and  is  pu(hed  forward  by  the  mercury 
which  /hew&  the  whenever  the  temperatuie  rifes  and  puflies  that  fluid  againflit: 
rri'r^  h  '  '""*  ^"^  ^^^^  Ihe  temperature  falh  and  the  fluid  retires,  this  index 
meter  for  the      >>  left  behind,  and  confequenlly  fliews  the  maximum.     The 
miaimum,         other  index,  or  bit  of  giafs,  lies  in  the  tube  of  the  fpirit  ther- 
mometer immerfed  in  the  alcohol,  and  when  the  fpirit  feiires 
bydeprcflion  of  temperature,  the  index  is  carried  aloi^  with 
it  in  apparent  contadl  with  its  interior  iuriacc :  but  on  increafe 
of  temperature  the  fpirit  goes  forward  and  leaves  the  index, 
which  therefore  fhews  the  minimum  of  temperature,  fince  it 
was  fet.     As  thefe  indexes  merely  lie  in  the  lubes,  iheir  re- 
fiflance  lo  motion  is  altogether  inrortfldcrable.     The  fleel  in- 
dex is  brought  to  the  mercury  by  applying  a  magnet  on  the 
outfide  of  the  tube,  and  the  other  is  duly  placed  at  the  end  df 
'  the  column  of  alcohol  by  inclining  the  whole  inflrument. 
Queftion.   Why      I  beg  you  will  explain  the  motion  o*'the  jjlafs  index.     I  can 

iild-x'^alw/* ?c-  ^^^^^y  ""^^^^^"^  ^^^^  ^^^  general  fa6t  that  mercwy  repehjtcel, 
mains  in  ihe      that  this  fluid  will  drive  the  (leel  index  before  it ;  but  I  cannot 

«pi»t-  '    ■'-^"'  make 


maiie  oat  fo  my  falitradrcn,  how  the  fpiril,  b/  Allrading  gl^l^r 
can  pre**«t  Ihe  olher  index  Irsin'ever  nfing  out  of  ii*  fu  Ace, 
P«rh3p)  Ihii  Ihing  may  be  already  explained  in  elemental^ 
bookl-t  bift'Mh«4hei''il  be  or  no,  i  am  fcra  ihfl  ansacaunt  m 
y  our  ckai  and  popular  vt  ay  cannol  be  thought  fupeiHaoM.  ' 
J  urn  Kfpe&Wy,    '  '    "    ' 


Your  obliged 


«I7    ■ 
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'  ■'Wllfttihe  faVface  of  the  column  of  fpiiit  ii  viewed  by  a  EipiuiiiJon. 
aignfflw.  il  \*  fcen  lo  have  the  form  of  acnnrave  hcmifphew.M^^^*"*''* 
.  irtilch  fliews  fhai  the  liquid  is  altniAed  by  the  ^laft.     The  tiuiW  beypnd 
jiafs  in  (hat  piste  is  c>bnfer)urn[|y  aUrafltd  in  ihe  oppoTne  ^' ?'"''.  .'^ 
AirtSitm  by  a  force  equal  lo  ihat  which  ii  (o  cmplnyed  in  a  ii  md  onw  it 
mainiaining  ihat  concave  figure;  and  if  il  wete  a(  libwry  tti '"'''• 
indve,' it  would  be  drawn  hack  lill  ihc  flat  forface  vans  te- 
flo^l.     Let  U4  fuppofe  «  fmall  (lick  or  piece  of  glafi  *o  Ijfe 
'JoofeWiftiin  Ihe  lube,  and  lo  protrude  into  ibci-acnit^Ke 
beyond  the  furface  of  the  alcohol.  '  Tlw  fluid  Wilt  be  tfMnSed  .  tn  ■'  ■  l 

alfo  by  Ihiiglafs,  and  form  a  concave  between  fit  (lii^bresMl  "•r****  ' 
that  oF  the  bore  of  Ihe  lube.  But  the  fmall' interior  jnece 
'being  quite  at  liberty  lo  move,  will  be  drawn  inwardR  the 
fpiril  To  long  ai  (he  altrafiive  force  potTefFes  any  afiivily ;  that 
IS,  lo  long  a.4  any  addilionBl  fluid  hangs  round  the  glafi; ;  or  in 
Other  w /if ds,  until  Ihe  end  ot  the  flick  of  glafa  i>  even  with 
,the  fui^racT'.  Wjience  it  i<  (icn  that  the  fmall  piece  nf  glali 
wtH  be  refilled,  in  a»y  aAion  1h>t  may  lend  tu  protnide  tl 
jbcyond  iIil- Ijrfaceof  Ihe  fluid  ;  and  Ef  thit  refinance  be  greatet 
^'Ihaii  Hie  force  required  lr>  flide  ir  along  in  Ihe  tube  [as  in  hH 
'it  it),  the  piece  moft  be  Hided  along  as  the  ulcohol  contradyj 
'rp  as  alway*  lo  keep  the  pieco  within  the  fluid.  And^ljb' 
"^a  ii  accordingly  obfcrved  10  take  place.  ^^ 


jOfina 


J 


.H)hi^'^(,^'vftQ 


I  AW  mvwn*: 


XV. 


iitpwtiljj  f   meoioit  tihich  I  read  to  ihc  Philomalic  Stxletj  |^ 

Pr»i(ral  bit,   I  l^cwM  that  nilV    »1wrjs  conlalni  ibe  ffia 

•c'eloas  acid  in  a  greater  or  Tefs  quantilv.     At  Ihe  lame  perioi 

MtfTri,  Fdurccoy  and  Vauquelin  found  that  it  alTn  contaibi 

pKoTphate  or  magneCa,  and  that  ihc  laAic  acid  of  Scbeele,  4j 

tiMt  which  it  oblaini'd  fTom  rt^rom  of  milk  fponlaneoiiQ]r  ooih 

filiated,  ii  merely  lh«  acid  of  vine^^ar  combined  ivith  an  anij 

1  ^id  mailer.    Sn  that  in  tlie  prtifcnl  date  (if  ouf  knovrl«l|ii 

.   .Wimon  conCdermill  ascompofcdpf,  1.  Walerj  2.  AwIa^ 

acid;  3.  Cafeou^  matleii   i.  Bulieiaceous  matter ;  5- Sugq 

cif  M>iki  e.  Exiraclive  mailer  i  7.  Muriate  of  foda  and  i 

p<iUliii  3,  Sulpbaie  ol  potallii    9.  Phofphale  of  note; 

pjiulpliale  of  inagnelia. 

'Of  ihel'e  cleveji  fuhftances  Lheie  it  one  wliicli  I  pafUcylu 

CXB^'ned  fume  monlhs  agOi  namelj'  c(cam.     I  wu  de^rq 

of  afcetlainiug  ihc  circum&anccs  wtiicii  govern  its  Icpanlia 

und  pailiculvly  iU  transformalion  into  boUer. 

mioD       J  ha^  befvi^  obferved  that  roilk  coagtiblci  as  readitjr  1 

^^"'^J^ptofed  as  in  open  velfcb  ;  I  know  ibat  no  gas  Is  ilifengliged  j 

ciciiofthii  decompu^lion,  and  ib^l,  in  order  lo  effe^' i^  witl;  ~r 

Didily,  it  t*   ueedful  only  In  foife  llie  temperature  idlieCwj 

fQ^  aii-l  40°  (Reaumur  I  fuppofei  and,  if  fo,  aiifwer iog"  I 
J"  ai^d  122=  falirenbeji).  It  was  dear,  iVerefor'c,  that  ft 
«ir  coolribuies  neither  lo  ihe  formation  nor  the  feparatioi 
'/  "  tpt^m,  but  llal  it  C\i(ls  ready  fnrmcd  in  mill ;  but  it  rccpaiiv 
to  be  llie«n  what  aft  the  principles  which  enter  into  its  p 
poluibn.  Bting  pcrluaded,  fiom  various  obftrvationi  I  hi 
ll^du,  ll)3l  il  is  onlj'  an  iplimate  DiiKluie  of  butter,  che« 
rimd  (etum,  I  proceedi-'d  lo  afciittain  tliU  point  hy  mixinf 
Bn(  bollle  (Enghd)  (juart)  of  recent  cream  neaify  to  tit  tied 
Vmn  which  I  difplacud  llie  remaining  air  by  cttrbotiic  aci 
"liken  clofed  il  well,  and  agitated  il  (Irongly  in  every  <iireffi< 
iwlialf  as  hour;  al  lb e  end  of  which  lime  ilie  contcnls  bavia 
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Wecome  very  lliick  and  adhering  firongly  to  t^e  (Idei  of  l!ie 

-bcitilt,  gradually  became  delarht-A,  and  foon  afterward;  we/e 

jrwnverled  into  a  while  liquid,  in  Hit  midfl  of  which  fwam  a 

f»^llow  maft  of  nccelfent  butler.     Hence  !l  fnllbvn,  f)iAlh« 

'khtMer  exifli   in  the  loilk,   and  i^  fepafated  when  (he  milt* 

■iMing  deprived  of  (he  vllal   aflion',  is   k(t  to  itfelf.      Al  ihU,  ' 

rtrme,  eilherby  the  formalicn  oFan  acid  aiiflng  doubltefs  Iro'ni' 

!'*■  decohipofilion  of  Ihe  enlraflive  matter,  or  perliapt  frnm  ihc 

'"fcf»  fpecific  gravity  of  ihe  butter  compared  with  thai  01*  Ihc 

!  cheefei  fur  ihe  buUcr  begins  lo  feparaic  almofl  al  llic  moment 

["Mnl  tnillE.  h  poured  into  a  vefTel  i-ihe  nillk  U  decompore^, 

|l  the  cream  lifes  lo  [he  top.   and  from  ihi^Iafl,  by  agitation,  aiid 

Fnore  pariicularly  by  the  a(SA»i)ce  of  »  tentperalure  belween 

'   IS"  and  20"  [66"  loll"  f.),  butter  it  obtained  together  wiih  Prac«A*ri«. 

butter- milk,  which  h  a  while  very  mild  liquor,  in  which  fome**'  ""''^ 
I-  bjitler  an4  cheefe  are  fufpended  in  a  very  divided  ftale.  But 
"liKe  butter  thus  oTitai^ied  U  riii  pitr^  :  It  fiill  contains  ^  porlioa 
"■(pf  cheefe  amounting  fomelimes  to  the  (ixlli  part  of  ill  weight; 
'''siid  this  it  the  caufe  of  its  fpeedily  becnming  raocid,  paiti- 
i'cularTjriiifummef.  When  the  cheefy  matter  i«  feparBie^by 
,'filfion',  the  butter  may  be  kepi  a  long  time.  It  h  true  indeeOi 
'Ihat  by  this  fulion  ii  acquires  an  acridnefs  which  greatly  ftmija 
.""Its  ufei,  and  make*  it  unfit  to  be  employed  in  fiying;  t-jt  Oiii'; .  -.  t»,  j  i. 
•diladl'anUge  might  be  remedied  by  keeping  Ihe  (empecalure 
*nucli  lower  than  is  ufual,  Clouel  fieri  made  (his  obleivation; 
f'and  heiice  the  following  ptocefj  may  be  adopted  for  purifylniJ 
'UliuKer,  or  fcparaling  the  clioafy  matter  without  givir\g  it  a  bad 

ri.uo: 

**.     I.  Let  the  butter  be  raclied  on  ibc  w^ter  bath,  oral  a  degree  FunScuUn  rf 
,»  of  heal  not  exceeding  the  m"  of  Reaumur.    2.  Keep  il  melted  J^IXV  '"'^ 
•^iil  all  the  ehecfy  matter  i^  coliecied  in  wl.ile  Bakes  al  the  hot- ^le  thtt^^ 
f'iomof  ihe  vefTcl.  and  ihe  melted  builer  is  iranrparcnl.     3.  ^t 
*'fliii  period  decani  it,  or  pafi  it  iliroagh  a  clolh,     V.  t.cl  hpe 
cooled  in  a  mixiurv  of  equal  par  it  of  pounded  ice  and  fei-laRj 
er  if  ice  eannui  be  procured,  tbeniii  cold  fpring-waler,  makinf 
'  Dfe  of  broad  Ihallo  w  vitfMs,    Wi  tboul  ibii  precaution  the  butttf 
'  Would  become  lumpy  by  crj  (lallii;iiig,  in  which  ftale  it  could 
^•not  be  ferved  at  table.     Betides  which,  iha  parts  being  con- 
-denfedbythis  fudden  cold,  are  fouiul  to  reijll  the  adionof  the 
*  «ir  mprc  efTedually.     With  thit  lalt  intention  it  h  alfo  proper 
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to  cover  the  pot  lo  which  (he  batter  is  keptvery  exedly.  ml 
to  plice  it  in  a  cold^poftire,  fuch  as  a  ceJfig-.'  Ey  this  treat-  i 
snenl  butler  mmy  be  kept  -Tor  fix  monthii.or  nibre^  and  will  be 
neerljr  u  gpod  ei  frefii  baHer,  pertieularly  afiertbe^top  ia  taken 
off.  It  is  even  fMffible  to  give  thisfufed  batter  \Co  •  certaio 
point  the  appearance  of  frefli  batter,  bybeatinigit'wrrlhooB 
fixth  partof  its  weight  of  the  cheefy  matter  |  ahd.fo'likoirife 
rancid  batter  may  be  coofideraUy  amended  by  the  -pnicdi  of 
fufion  and  cooling  here  pretcribed* 

SCIENTIFIC    NEWS. 

-  .  ■  V. 

Ttmperaiure  qf  the  Sea, 

Gfliera!  h&$     jMLr.  PIRON  has  lately  commonicattd  lo  the  Jreacb  Na- 
rcfpeaint;  the     fional  Inftitute  a  memoir  on  the  temperature  of  tbe  fen ;  an  io- 
l^'r^^"*^       terefiiag  fubjedt,  capable  of  being  applied .  tQ..var^oas  .afefiil 
purpofcs,  and  which  has  accordingly- engaged  the«ttenlion  of 
a  confiderable  number  of  pbilofophical  ob&rvers.     Hit  ge- 
'neral  fafts  are,  I .  The  mean  temperatnre  of  tbe^fen-atits  far- 
face  is  commonly  more  elevated  than  that  of  the  air.     2.  It  is 
higher  the  nearer  to  the  continents  and  large  ifland^.     S.  At  a 
diflance  from  the  fliore  in  deep  Teas  the  water  is  colder  below 
than  at  its  furface;  and  the  more  the  greater  the  depih.    All 
,  the  obf^rvations  fecm  to  (hew,  that  in  tbe  abyiTes  of  tbe4)oean» 
'  as  well  as  on  (ho  fummits  ot'  mountain.^,  even  under  the  equa- 
i^t  irett  depths  tor,  eternal  froft  prevails.     4.  A  fimilar  cold  is  obferved  in 
TtjA  preriiilfy     extehfive  lak^ps,  and  even  within  the  earth  at  great  depths,  but 
it  appears  to  belef:;  fudden.  5.  Thefc  re  fulls  concur  in  proving, 
that  the  temperature  within  the  earth  is  not  every  where  the 
lame  and  eqiial  to  93^^,  as  has  been  long  thought  (about  30? 
Falir. -.whether  this  be  centigrade  or  Reaumur's  fcale.) 

i 

>   •  .■       

Speiu  Oil  qf  the  Currias, 

Concerning  the^  The  proceCs  by  which  the  curriers  impregnate  tbrir  (kins  is 
poumftuifedin  **  ^^  f«n«ariug  the  oil  upon  ihe  wet  Ikin,  inio  which  it  pcne- 
currying  leather,  uatcs  as  the  moifturie  evaporates.  A  pure  oil  could  not  perhaps 

'  be 


aitf' 


t  Ihui  fpreaij,  snd  moH  probably  would  not  enter  tlie  Ikin 
fvlth  llie  defired  elfefl,  or  rendet  it  as  fitp[J«  at  ihU  oil  whictt 
[  Rsm  experience  ihey  arc  led  U>  prefer. 

Thctdcbiuied  Sc^uId  W  dueded  liis  ailenl|oD  lo  liiii  in* 
f^ient  of  fueh  ^si«n&ve  maniifafloring  alililj'.  Ha  remarhii, 
[  Ihfcl  itrit  material  (by  iUr  name  of  Utgrm)  it  of  two  kinds  in 
Vnnce;  ns.  (he  comiaoi)  fait  and  that  of  Niort.  Thefidtii 
llie  imraediale  product  ul  (he  cl)«i]oyiD|{  of  Ikinsi  which  are 
I  ofcared  of  rheir  fiirplus  oil  by  folulioD  of  poUflT.  It  ihetefora 
contains  not  onlj  foap,  but  liKewife  gelaiitie.  It  k  evaporated 
llpdrynefs  and  then  t'nid  a4  Dtgrai.  At  Niort  ilis  decompofed 
Uy  fulphuric  acid,  and  ibe  precipitate  ti  Lslled  the  Dcgrai  of 
niit  town. 

I  Mr.  Seguin  fiodi  by  analyljs,  (hat  ihitlafl  isoxigenaledorl, 
Imereas  the  other  r*  a  compouod  of  luap  and  geUiine.  Me 
Lihcceeded  in  giving  to  whale  oil  all  the  properties  of  the 
I  J^rai  ff  N  niTt,  by  boiling  one  pound  for  a  few  ntinulci  with 
Uktf  «n  odnce  of  ikiiric  acid  at  23  degrees.  He  obferved  Uut 
■O  l^sii  difengaged  in  ihii  operation;  but  that  water  and  di* 
'inte  of  ammonia  ne  formed ;  and  heconcliidet  that  the  oil  wat 
oaigeiiilled,  nul  bjr  abiorbmg  the  oxigea  of  the  widi  but  b;f 
j'icldiog  (oil part o(  tliebidrogen  wblch  waioneot  ilsowncoin* 
ponent  part*.  The  refult  is  the  more  inierefling.ai  the  Degratof 
,  2Jiort  being  much  mote  eltcemed  than  the  common  (oit,  tlie 
i  may  hereafter,  inRead  of  paying  a  great  price  for  it, 
e  it  in  at  latgL-  quanlitiei  ai  ibey  pleal«  by  following  tiie 
'b  bere  inditsted. 


t  r^/pttUn^  lie  Decompojilion  i^  i 
Muriatic  Jciii.     J3jf  M.  Di 

rif  the  Culpbale  of  lead  be  tfca 
xnlnted,  thai  niclal'ic  fait  i 
the  proportion  of  acid  be  ralher 
qurreq  heat  (o  eflfefl  i(.  ^SSS- 
cryfialliz^j  in  great  i[usi 


tiphatc  "f  Itad  by  lh$ 
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cd  with  muriatic  acid  ntber  SiJphiK  of  Jed 
1  toially  dKTolved,  provided  i"*''''t'|'|'rl»w 
n  excelt.  Thii  foliUion  le*  MuriJK  of  kid' 
ooling,  the  muriate  of  lead '' P^"""  tj 

obiaiiied  by   ihe  addiliofi  of  a  fmall  quantity  of  cold  water. « 


If  tljs  rupeinatant  fluid  be  fepaiated  froa  the  UjQtlUzitd  fait,  w^^j,"  f 
•  Ssc.  Philcm.  No.  95. 
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ftprectpilftlc  i>  obbined  Crom  Uie  farmer  by  mariateof  btrytevj 
Tbe  niuti»l«  of  lead  U  foluble  in  water,  ood  fnaj  be  ilnofi  a 
tircly  iliMsnipofcd  by  futphufic  zcid,  whicb  form^  fulphaW 
luad. 
Mhcr  in-  Ttu*  fafi  defervcs  lo  be  careluUy  examiDed  »vilh  lelatioa  i 

rVrf*"  "  ^^  (*'■'  ^"^  affinilie*;  »nd  it  maj  i>e  of  importaoc^.Mi  UiJ, 
Mul^ciu.  utaJylu  of  mineral  and  meullic  fubllaacei.  la  ii^.if  ai| 
ailoy  4onUin  »  lin.ill  ijuuility  of  lead,  and  it  were  &ecd]sryf^ 
in  uidvt  todiirdtx  ilie  alloy,  to  employ  ihe  niUo-nuuiftUiSFilkj 
it  would  be  very  piiflible,  and  1  have  found  il  fu,  ibal  fiiV, 
pluuic  acid  would  not  iudlcale  the  piefencc  of  itud*,  ^h^^ 
tollovfiiig  is  anolbci  inllauce ;  If  an  anllmoniat  gilena  btf 
Irested  with  iiiLric  add  and  lulpbatc  of  lead  thus  prised, 
tall  would  bcdi^coinpojcd  by  the  uurialjc  oil  (qu.  acid  :)  wbidi 
viglit  be  employed  lo  ukc  up  (be  oxide  of  anliaivoit 
Ibe  muriate  of  lead  wtwld  remain  dilToUed  after  liie  addilioaj 
of  water.  If  care  were  not  taken  lo  examine  tin  fill 
li<)Uor,  a  loll  would  be  expciienced  which  i;  would  |w| 
-tQ  account  for.  .r.  9,17 

— ...      ,    .  ...^  U. 

Extras  rf  a  LetlfTfrom  Kojila,  dacd  .ta^fi  li:  - 
ccbW  sf  the  '*  Veflerday  at  ten  o'clock  at  niglil,  llie  crugilion  of  VeG^ 
£.?g!fcf^.  *'"'•  ^^  which  ihi;  i.-arlh(]uake  ft-emed  (o  be  the  forcrunnv 
Mu  ',iool[  place.    We  were  going  lo  villi  ilie  crater  whea  the  cm 

of  the  people  aud  a  volume  t>\  lUme  infotmed  us  that  t(_ 
volcano  had  opened.  The  lava  precipiialed  itfelf  in  (lire 
fecondi  from  the  lall  peak  of  (he  mountain  aod  look  a  diieftii 
towards  the  valley,  liiuaicd  between  Torte  del  Gicco  ai 
Torre  del  I'Annunziala,  two  (own:<  on  ilie  fea  caafi,.t)eyoi 
Porlici,  and  feven  or  eight  miles  frum  Naples. 
',  We  (etuff  imraeJiulely  lu  fee  lbi>  wonderful  and  ircoM 
aobt  phenomeQun  nearer.  Froui  the  place  of  our  depgrlui 
w^  faw  the  whole  couiCe  of  the  lavi,  which  cxtetidcd  nes 
■-  i^'^**  miles,  from  tl)«  crater  lo  the  hotifci  llul  ji>iii  ihe  I 

lownt.  Tbe  fighl  vias  the  mod  magnilic^nily  fiigblful  ibl 
, could  be  feen,  I  eonlemplated  the  cafi-adet  of  flame  pouri 
bom  the  top  cf  the  mountain,  and  lliuddered  at  feeing 
iromenfe  torrcnl  of  fire  ravage  ihe  fined  fields  ovenhr< 
hMifea,  and  deDroy  jn  •  few  minuici  the  hopes  and  refour< 
^  4^fildfed  fiuoilics. 

AG 
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A  line  of  fire  marked  the  profile  of  the  moonlain :  »  dond  *^^^?f^"j^ 
«if  ToHike,  whkh  teemed  to  (end  firth  from  time  \o  tin 
iof  Ifghtnin^;,  f  utifj  over  the  fcnw,  and  ifae  moon  appeared  to  *i* 
he  p»le  :   Noihing  can  adcqualcl)'  delcribt;  ihc  grandeur  of  the 
fcene,  or  j^ive  xn  accurate  idea  of  the  horror  of  it.     A<  wo 
•ppfonched  the  fpol  ravaged  by  lliii  river  of  hell,  tuinnd  io- 
liabitaDtifiaving  quitted  iheir  hoafe^— dprolattd  famHiei  tr jing 
io  five  their  ruruilure  and  proviliont.  laft  and  leeble  ret'ource 
— «n  imnienfe  croud  of  curioili  fpeflaiorf,  retreating  flep  b^ 
Hep  rroDi  tbe  advancing  lava,  and  tellifjing  by  eiti>aordrnai*y 

!  cries  their  wonder,  fi;ar.  and  pity— Ihc  fiigliirul  Idlowiit •  df 
Ac  (Doanlain,  the  frequent  e*pIofion*  which  biirfi  Irtom   thtt 

"  BMlom  of  the  lorrenl,  ilie  crackling  of  the  Itecs  devoured  by 
the  flamei,  the  noife  of  the  walk  failing,  and  the  lugnbrioo* 
'found  oTa  bell,  which  (he  religiout  of  the  Camaldules,  itolated 
on  a  little  hill  and  fnrrounded  by  two  torrenH  of  lire,  rang  in 
iheir  diflrcfs.  Such  are  the  details  of  (lie  Ifighttiil  fcene  to 
"which  I  WB»  witnefi. 

The  moment   *e  arrived  tiie  lava  wa*  crof&ng  the  great 
<    road  below  Torr*  del  Greco.     To  fee  it  I>etter  we  got  inio  a 

Ibeaulild  boufc  on  tbe  road  tide — from  the  terrace  we  faw  tbs 
fire  at  no  mori:  than  lifieen  pacet  from  us — in  s  minute  we  d&- 
fcended,  and  (wenty  minulet  afterwards  there  remained  of  tha 
I .-  faoufe  but  ihree  large  wa!l<.     I  approached  ai  near  at  the  heat    < 
j. 'and  How  of  the  current  would  permit  me,  I  attempted  at  dlf. 
'ferent  timeitoburn  the  end  of  my  handkerchief  in  it— 1  could 
,     only  do  tl  by  tying  it  to  my  cane.     The  lava  does  nut  run  la 
'    liquid  wavet  i  il  rercmbtes  an  imraenfe  quantity  of  coali  on 
L    fire,  which  an  invincible  (Irenglh  had  heaped  up  and  puAl^ 
f    on  with  violence.    \\'hen  it  met  with  a  wall,  itcoIleSed  to  ^e 
'    lieight  of  feven  or  (en  feet,  burnt  it,  and  overthrew  it  at  once. 
'     1  faw  fome  wallt  get  red  hot,  like  ironi  and  melt,  if  I  may  ufa 
'     the  expreffion,  into  the  lava.     In  Its  grealell  fpced  and  on 
,     an  horizontal  road,  I  reckoned  that  the  torrent  travelled  at  the 
rate  of  eighteen  inches  a  minuter     Its  fmelt  refcmbled  that  of 
iron  red  hot. 
I  '  Murairt"  ChronkU. 
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Applicative  Compa/k  for  taking  Beatings  on  a  Churtg  bj^  N.  D« 

Starck,  Lfq,  of  the  Rttjfol  Muvy.  * 

Compais  for  This  inftrament,  feen  in  Fii^,  <j«  Plate  XI.  confifts  of  an 

taking  beanngs^ -^j^P  and  Outer  brafs  concentric  circle:  the  latter  of  which, 
when  in  ufe,  is  to  be  applied  to  a  chart,  fo  that  its  cardinal 
points  may  agree  with  thofe  of  the  draft,  and  its  central  (me- 
tallic) point  be  diredly  over  the  fhip's  place.  The  inner  circle 
is  to  be  fet  to  the  variation ;  and  the  thread  from  the  center 
being  laid,  will  fliew  either  bearings  bj  compafs,  or  true 
bearing!!,  according  to  the  circle  upon  which  they  are  read.  It 
is  obvious  alio,  that  the  inflrumcnt  may  be  ufed  in  delineating^ 
plotting,  and  for  Tarious  other  ufeful  piirpofes. 
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ARTICLE    L 

On  the  Divifion  of  an  Arch  t^f  n  Circle  into  two  JUch  Parts,  that 
their  Sines,  or  Cofincs,  or  Verfcd-Sines,  JhaU  have  a  givtn  Rg^ 
lation.     In  a  Letter  from  John  Gough,  ^fy. 

To  Mr.  NICHOLSON. 
SIR, 

JDEING  at  prerent  on  a  vidt  to  my  friend  Michael  Fryeu  Introdaaory 
teacher  of  the  mathematics  at  this  place^  I  have  availed  myfelf '^^^*'* 
of  the  opportunity  to  confult  his  very  extenfive  mathema- 
tical library,  with  a  view  to  difcover  how  fsn*  the  following 
theorems  and  problems  are  original ;  thinking  it  poflible,  at 
•ieall,  that  (imilar  propofitions  might  be  met  with  in  the  works 
of  the  early  geometricians,  particularly  in  the  trafls  on  An- 
gular Sedions,  by  Vieta,  Oughtred,  Wallis,  and  others,  which 
I  had  never  before  been  able  to  meet  willi ;  but  I  have  iouad 
only  one  of  them  to  have  been  already  treated,  of  which  no- 
tice ftiall  be  taken  in  its  proper  place  :  ncverlhelefs,  it  is  not 
improbable  but  that  fimilar  theorems  and  problems  are  fcaltered 
-ap  and  down  in  the  different  works  on-  geometry. at  prefent  in 
exigence:  As  this  eifay,  however,  may  claim  the  merit  of 
Vol.  XII.~Dkcbmber,  1803.  Q  aoc^^. 
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exhibiting  them  b  one  view^  and,  which  is  eqaallj  deCrabte^ 

of  deriving  them  from  a  general  principle,  I  have  ventured  to 

offer  it  for  infertion  in  your  JoumaL 

JOHN  GOUGH. 
Redk,  mar  Richmond,  Yorkjhire, 

Awgt^  28. 

■ 

I  .      .    Pfo^osiTiow  L    Thhqrem.. 
IKf ifioo  of  an    '    Let  A  F  be  the  arch  of  a  circle,  (See  Fig.  I,  PL  XII.}  A  P 
S^SJo'^o^  a  tangent  at  A;  FP  a  perpendicular  to  A  P.  then  A  P  is 
having  their      eqoal  to  the  fine  of  A  F ;  F  P,  the  part  of  the  perpendicular 
'**>««»  f'^^?***  intercepted  by  the  tangent  and  the  point  F  in  the  arch,  is 

•r  T.  fines,  in  a  ,    *^  .  *.   ,  ^  t    •      /•  i.        ««««••  • 

tiTen  ratio*       equal  to  its  verfed  fine ;  and  the  fame  Iinet  r  M,  intercepted 

again  by  the  circle  in  M»  is  equal  to  the  verfed  fine  of  its  fi»p> 

plemcnt. 

Demonftraiian, 

Draw  the  diameter  AK,  and  the  fine  FS  perpendicular 
thereto ;  alfo  from  the  center  O,  draw  O  L  at  right  angles  to 
PM;  then,  fince  PA  touches  the  circle  in  At  PAK  is  a 
right  angle,  (£uc.  IjS.  iij.)  Alio,  the  angles  F|P 4^  ASF, 
itfe  right,  by  confirudlon;  therefore  ASFP  is  a  parallelo- 
gram, the  oppofite  fides  of  which  are  equal,  namely,  A  P  = 
the  fine  S  F,  and  P  F  =  the  verfed  fine  A  S,  (Euc.  34.  i.) 

Again,  fince  O  L  is  perpendicular  to  P  M,  it  is  parallel  to 
AP  and  SF,  therefore  PL  =  AO,  or  OK;  and  FL  = 
SO,  (Euc.  34.  lO—But  FL  =  LM,  (Euc.  3.  III.)  Con- 
fequently  P  M  =:  S  K,  or  the  verfed  fine  of  the  fupplement 
A  F.    Q.  E.  D. 

Prop/osition  II.    Theorem. 

If  A  F  B  be  an  arch  of  a  circle,  (See  Fig.  2.)  and  A  P,  BR, 
be  tangents  at  A  and  B,  from  any  point,  F,  in  the  circum- 
ference, draw  FP,  F  R,  perpendicular  to  the  two  tangents, 
and  F  Q  alfo  perpendicular  to  the  chord  A  B,  then  will  the 
reaangle  PF  x  FR  =  F qI*  ;  and  the  reainglei  AP  x 
B  R,  and  A  Q  X  Q  B,  will  alfo  be  equal. 

Demonfiratioiu 
Join  A  F,  F  B,  and  the  triangles  P  F  A,  Q  F  B,  are  equi- 
angular, becanfe  they  are  right-angled  at  P  and  Q,  by  con- 
Uroaion ;   and  the  angles  P  A  F,  Q  B  F,  are  eqi^al,  (Euc 
m.  HI.) 

Jherefore;, 


*87 


L 


ThercFore,  asAF:FB::PF:FQ.  DJ.lfiono 

Alfo,  the  Kiangles  CiFA,  RFS,  are  e^uiaoguUf,  fiw  the^J^^» 
tame  reafons.  .  bKmt  ih 

Therefore,  as  A  F  :  F  B  : :  F  Q  :  F  R.  c™.,  or  c 

Confcqaenlly,  a,  PF  :  F  Q  : :  FQ  :  PR,  (Ettc.  II.  V.)^"^^ 
And  P  F  X  F  R  ='fq1»,  (Euc.  1 4.  VL) 
Q.  E.  I°D. 
Again,  by  the  fame  irlanglei,  as  F  A  :  FB  : :  A  P  :  B  Q, 
and  as  F  A  :  F  B  : :  A  Q  :  B  R  ; 
hence,  asAP:BQ::AQ:BR, 
Whence  APx  BR  =  BQx  A.Q: 
Q.  E.  2"  D. 
Carol.  I.  Produce  (he  perp>:ndicular  FQ  till  it  meetiUie 
circumference  again  in  G,  and  P  A  x  R  B  =  F  Q  x  <iG  z 
For  P  A  X  R  B  =  A  Q  X  Q  B  by  the  propoQlion;    but 
AQ  X  QB  =  FQ  X  QG.  (Eiic.S.5,  III.) 

Coroi.  2.  If  the  lines  P  F,  R  F,  meet  the  circle  afain  m  M 
and  N.  then  will  P  M  x  R  N  ="QG^»  ; 

For~APi»=  FP  x  PM,  aiid^BRl»  =  FR  x  R N,  (by 
Euc.  36.  III.) 

Therefore,  a^XPl' :  FP  x  PM::FRx  RNj'brI': 
BuiXp1';FQx  QG:;FQxQO:"bB", 
by  Corol.  1 . 

And  P  F  :  F  Q  ;  :  F  Q  ;  F  R,  by  ihe  propontioii. 
Therefore, 

PFxPM:FQxPM::FQxRN:FRx  RN. 
Hence, 

FQxQG:FQxPM;:FQxRN:FQxQG, 
Confequcnlly,  PM  x  RN="tiGl», 
Corot.  3.  Draw  ilie  diameien  A  K,  B  D,  and  loake  FS. 
VTperpendiciilar  loAK,  BD;  ihen  A  K.  x  BT  (the  reft- 
SDgle  of  (he  vetftfd  fines)  =  TqJ'  ;  S  F  x  F  T  (the  refl- 
KDgle  of  the  fincO  =AQx  CiB;andaKxTD(liie 
fcflanfjle  of  llie  lupplemeniary  wrfed  finee)  =  QG)'.  Thefo 
things  follow  from  Props,  i,  aixi  11. 

PROPOJJTIOJI    HI.       PnOBLEM. 

To  divide  agivenarchof  acirGla(A  B)  (ntfttwopard  (AF, 
FB),  fa  rhat  the  rea^ngle  of  iheir  votCtid  fines  (AS,  BT) 
*y  be  equal  to  a  given  magniiiide,  or  ftjuare,  fat  x  "ij, 

ii  2  Coijlruaim. 
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•  # 

,  .  Can/truAiotu 

l^vifioA  of  an  Fn>m  any  point,  Y,  in  the  right  line  A  B,  draw  Y  W  at 
wch  of  a  circk  rfght  angles  to  the  fame,  making  it  equal  to  the  given  right 
JSJrtiSTdS^  Jine  tn ;  through  W,  parallel  to  Y  B,  draw  W  F,  and  let  it  cut 
Adm,  orooifiiiaN  the  arcb  A  B  in  F,  Ihen  will  A  F,  F  B,  be  the  required  arches. 
or  ▼•  fioeif  in  a 
Simiatio.  Detnonftratian. 

Draw  FQ  perpendicular  to  YB,  then  F  Q*  =  W  Y*  = 
fu  X  m;  by  Conft.  and  Euc.  34.  L ;  but  the  redtangle  of  the 
vorfed  fines  of  A  F  and  F  B  =  F  QK  (by  Cor.  3.  Prop.  II.) ; 
therefore  this  redangle  is  equal  to  m  x  ffh  the  given  fquare. 
Q.  E.  D. 

Proposition  IV.    Problem. 

To  divide  A  F  B,  a  given  arch  of  a  circle,  f^ec  Fig.  3.)  into 
two  parts,  A  F,  F  B,  fo  that  the  redangle  of  their  fines  may 
be  equal  to  a  given  fquare,  (nx  n)T 

ConftruSlion. 

To  make  the  condruaion  general,  let  AFB  be  greater 

than  a  femicircle,  join  A  B,  and  in  it  take  Q,  making  A  Q 

:  X  Q  B  ==  n  X  n ;  alfo  in  A  B  produced  take  q,  (o  as  to  make 

A9X9B=nxn;  draw  Q  F,  qfg%  perpendicular  to  A  B ; 

then  will  A  F,  F  B,  or  A  g,  g  B,  or  A/,  /B,  be  the  required 

.  arches. 

Dctnonjhation. 

This  is  evident  from  Cor.  3.  Prop.  11.  and  the  conftruclion. 

To  find  the  limits,  bifcft  A  B  in   Z,  draw  alfo  the  radius 
O  N  parallel  to  Z  B,  and  make  N  E  perpendicular  to  A  B 
produced ;  then,  if  n  x  n  be  greater  than  A  Z  x  Z  B,  F  is 
an  imaginary  point,  becaufe  A  Q  x  Q  B  cannot  exceed  A  Z 
X  Z  B,  by  Euc.  5.  II.     Again,  if  n  x  n  be  greater  than  AE 
.    X  E  B,  the  points  /,  g,  are  imaginary,  becaufe  A  9  x  9  B 
cannot  exceed  A  E  x  E  B,  feeing  E  N  touches  the  circle  in 
N,  and  is  parallel  to  9  ^ :  Thefe  things  being  premifed,  it 
will  be  eafily  perceived,  that  when  A  F  B  is  lefs  than  a  fcrai- 
circle,  it  can  only  be  divided  in  one  point  to  anfwcr  the  con- 
ditions of  the  queftion,  becaufe  the  potnt  N  will  be  in  the  op- 
pofite  fegment;  but  when  it  exceeds  a  femicircle,  it  will  ad- 
mil  of  being  divided  in(x>  one^  two,  or  three  points,  according 
to  circum (lances,  or  even  the  conilru6lion  may  prove  impof- 

fible.    Q,  E.  D. 

Scholium 


Schotium. 

Tliis  problem  Uconflmaed  at  page  312  of  the  Appendix  (o  Di"fiono(«B  N 
SImplon'i  Algebra,  2.1  Edilion;  and  at  page  I  MK>f  h"  ^^'le^f^^^'^'^j 
Exereifes,  I  ft  Edilion  ;  but  tlie  connruflions  given  by  itial  biting  their  j 
able  georaelrieian  do  not  (hew  tlie  various  ilnilts  of  the  quef-  ^^^'^^^^ 
lion  wiih  that  degree  of  perfpicuily  which  appears  in  the  pre*  ^ivcn nita>  i 
fetit  meltiod. 

Zcmma.  1 

Let  A  B  C  D  be  a  fquare,  (Sec  Fig.  4..)  from  any  two  ad-  | 

jacent  fides  of  which,  C  B,  CD,  lake  the  fegmenta  T  C,  ij 

CS,  then  will  the  reftangle  of  the  remaining  fcgmenti  BT  ,* 

X  SD=FSl»  +  TCx  CS-BCxCT-aCxCS.  I 

Dcmoi^ralion. 

Draw  S  G,  T  H,  parallel  to  B  C,  C  D,  and  let  thera  inter- 

fea  in  F ;—  | 

Then  the  reaangle  FTCS=TCxCS, 

and  the  refian^ie  FHAG=BTxSD, 

BulFHAG  +  GBCS  +  HFSD  =  the  %are  A  BC  Dj 

(Euc.  I.II.J 

Add   FTC  S  to  bolh. 
Then  FHAG-|-GBCS  +  TCDH  =  ABC  D+FTCS; 

Bute  D  i»  equal  (o  B  C, 
Therefore  F  H  A G  =  A  BC  D  +  FTC  S  -  BC  x  CT- 

BC  X  CS; 
That  is,  BTxSD  =  Br\>+TC  xCS-BCxCT- 
BCxCS.       Q.  E.  D. 

pRoposriioN  V.     PaoSLBM. 
To  divide  A  F  K,  a  given  arch  of  a  circle,  (See  Fig.  5.) 
into  two  parts,  A  F,  and  F  B  ;  to  that  the  reAanglc  of  thcit 
coGnes  may  be  equal  to  a  given  fquaie,  t  x  k  -' 

Conjlruaion. 
Join  A  B,  and  from  the  center,  O,  draw  O  Z  perpeodi^ 
cularto  AB;  in  Z  O  take  ZV  e(]ua!  lo  the  given  line,  k. 
and  join  B  V  ;  draw  the  diameter,  H  h,  parallel  lo  A  B,  and 
divide  it  in  1  To  as  to  make  H  I  x  I  ft  =TV)»  ■  i"jm  I  draw " 
IQ  perpendicular  lo  A  B,  and  when  produced  let  it  ni«trt  the 
given  arch  in  F ;  then  will  A  F,  F  B,  be  the  required  arches. 
Vanonjlration, 
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Dem(n\J^alum. 

Divtf0ir«f«       Lot.  FXioeeft  the  circle  9gaiii  ij(i.G»  ({r^iv.the (Uameitni 

£2J!L*-Ib?^'^  ^'^^  «^^^-^*'^*^^'  FT; 
u!^i!iSSr^      .        Th«HtecofineOS=O.A- AS.. 

■^f **^  •nd  the  cofine  OT=5OB--BT  =  0A-BT; 


SiTenn£       Hence  SOxOT  =  AO|*  +  ASxBT-AOxAS- 

AOxBT; 

But  AS  X  BT  =  FQ)»,  by  Prop.  JI. 

Therefore,      

S  Q  X  O  T  ssTo}  *  +Tq\*  -AOxAS-AOxBT. 

Again.  KS  =  2AO--AS, 
and  DT  =  2  AO--BT; 
Hence,  KSx  Dt  =:4Xo^«  +  A  S  x  BT  -  2  AG  x 
AS-2AOxBT; 

Bat  K S  X  O T  =?  QQl*,  by  Cor.  3.  Prop.  II. 
Therefore,  .....^ 

4A0\»+"FQ)^-  2A0xAS-  2AQx5T=s^5g^*; 

^      fqI*    ZJC^* 

Htnco,  AO  X  A  S  +  AOx  ?T==  2A^*  +  i^- -i— -: 
BulSOxOT  =  AO»+FQ»  -AOxAS-AOxBT 

2*2 

FQ  =  FI-IQ  =  BP-OZ, 
andGQ  =  GI  +  IQ  =  BV+OZ; 

Hence  ISl  +  £S!  :=:'rv^*  +  ozlN 

Confequently,  S  O  x  O  T  ="BV)^  +  O^*  -  AOl»  j 
But  AOl*  -"o2^t  --  B  o',»  -"0Z)»  nlTzt*  5 

Therefore  SO  xOT='BV\»  -"BZ^«=zT2\», 
(Eve.  i7. 1.)  =  A:  X  il,  by  conaruaion.    Q.  E.  D. 

UmitaHon.'-AS  Z  V  be  greater  Ihan  Z  O,  B  V  will  be 
greater  than  BO;  s.  e.  F  G  will  be  grealor  than  H  K  which 
is  impoffible,  £uc.  13.  III.  therefore  Z  V,  orkp  cannot  ex- 
ceed ZO. 

Proposition  VI.     Problem. 

To  divide  A  F  B,  a  giten  arch  of  a  circle,  (Stt  Fig.  6.) 

into  two  partf,  fo  that  the  fum  of  their  verfed  fines  may  be 

tffol  to  »  given  right  Iine»  u  f 

dmftruCiion^ 


lion   OP  A    ClkCLK, 

Conjlru^ioa. 
Draw  the  radius  A  O,  and  tlie  tangent  BE;  in  AO  lake  DlTiGon  of^ 


A  I  etjiial  to  Ihe  given  line, 
o  AO,  let  it  ms'il  »E 


«i  anil  making  i  V  perpondicularf'^^'^S 
1  V;   draw  F  V  lo  bifea  tlieanRlcfa,;„g°rf,^ 
EVJ,  and  let  ii  cut  the  given  arch  in  F;  then  will  AF,  FB/™'."*"^ 
be  the  required  arches,  p',^*^  „t^  -fl 

Tkmonfirniion.  ■      ( 

Draw  ihe  langcnt  A  G|  wl)rch  h  parallel  lo  I  V,  alfo  make 
F  P,  F  R   perpendicular  to  A  G,  B  E,  and  let  F  F  produced  j 

nmi  I  V  Ui  H.  I 

Then  fince  AG,  IV,  are  parallels,  and  (lie  angle  H  P  fl 
is  righi,  FHV  is  alfoarigiii  angle,  (by  Euc.  29.  I.)  therew  ' 

fore  it  is  equal  lo  Ihe  angle  F  R  V,  (by  conflruflion.) 

But  the  angle?  R  V  F,  H  V  F,  are  alfo  equal,  {by  conflruc. 
lioriji  confequenlly  the  Iriangles  R  F  V,  HFV.  are  equi* 
angular ;  and  they  have  one  fide  common,  nam<*1y  ilio  fida 
VF;  therefore  F  R  =  F  H.  (Euc.  i.  VI,)  and  FF  +  FR 
—  PH=AI.  (Euc.  34.  I.)  =u.  (by  conRruaion.) 

But  the  fum  of  the  verfed  lines  of  A  F,  FB,  i»  equal  to 
J*F+  FR,  (by  Prop.  I.)  Iherefore  ihis  fum  i»  equal  Id  the 
given  line,  u.     Q.  E.  D. 

iJmitaliott. — If  A  I  be  greater  [ban  the  vetfed  fine  of  the 
whole  arch  A  B,  ilie  point  F  will  evidenlly  fall  in  the  op^ 
£le  fegtnenl,  and  ihc  conllruftion  will  be  impoflible. 

Again,  fince  the  angle  1  V  E  is  equal  10  the  angle  A  O  B. 
draw  tlie  radiui  OC.  lo  liifefl  the  angle  A  O  B,  and  it  will 
evidently  be  perpendicular  [o  V  Fj  therefore  L  C,  a  tangent 
at  C,  will  be  parallel  to  V  F ;  confequently  if  A  I  be  fo  taken, 
llial  V  may  lie  in  B  L  produced,  the  conflruflion  will  alfo  be 
impolTible;  which  will  therefore  happen  when  h  is  left  ibaa 
twice  the  veiled  fine  of  the  arch  A  C,  orBC. 

Carol.  Sinre  tbe  fum  of  the  verfed  fines  of  Ivco  arcbea  is 
Ibe  fame  with  the  diflWence  of  llie  diameter  and  the  fum  of 
the  cofines,  if  the  liiiler  fum  be  given  the  problem  may  be 
conllrufted  by  the  lal>  propoHlion. 

Pnoi-osiTroN  VII.     Pkoeiem. 
To  divide  A  K  B,  a  givt-o  arch  of  a  circle.  (Fig.  7.)  into 
two  parts,  fo  that  Ihe  lum  of  their  Unes  m^y  be  equal  to  a 
given  fight  line,  w  f 

Con/iruaion, 
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■    -      I  r 

CtmfiruSiion. 

iXvifiM  of  ta  Draw  (fie  radii  A  O,  OB,  and  (he  tangents  AG,  BE,  in 
Uto^o^  which  Uke  AS,  B  T,  each  equal  (o  the  half  of  w ;  draw 
^ng  ditir  S  Ni.  T  N.  parallel  to  A  O,  OB;  and  through  iheir  inter- 
lnet,orcofi«ei,feaion,  N,  draw  N  F,  parallel  to  ST,  to  meet  the  arch  ia 
fifcontio!        ^»  ^^^^  ^^»  ^  ^'  3'^  ^^  ^xi%  required. 

Demonfiratiom. 

Draw  F  K,  F  M,  parallel  to  N  S,  NT,  and  let  theni  meet 
S  T  in  K,  M,  and  A  G,  B  £,  in  P,  R ;  then  it  is  taS\\j 
proved  that  the  triangles  R  F  M,  S  N  T,  are  equal  and 
iimilar,  and  Chat  K  M  n  S  T ;  confequenlly  S  K  z:  T  M. 

But  the  angles  K  P  S,  M  R  T,  are  right,  being  equal  (o 
the  angles  O  A  G,  O  B  E,  by  conflrudllon ;  aod  the  angles 
K  S  P,  M  T  R,  are  equal ;  therefore  the  triangles  P  S  K» 
R  T  M,  are  equiangular,  they  arc  therefore  equal,  (Euc.  4. 
VI.)  becaufe  S  K  iz:  T  M;  confequenlly  S  P  zi  R T  i  tbere- 
fore  AP  +BR=rAS  +  BT=itt;. 

But  the  fum  of  the  fines  of  A  F,  F  B  zi  A  P  +  B  R  ;  Ihii 
fum  is  therefore  equal  to  w, 

Limitquon.'^Jom  A  B,  which  will  be  parallel  to  S  F,  aUb 
let  the  radius  O  C  bifed  the  angle  A  O  B,  when  properly 
produced,  or  not,  it  will  pafs  through  the  point  N.  Now  if 
N  be  in  O  C  produced,  N  F,  being  parallel  to  ST,  or  A  B, 
will  not  meet  the  circle;  on  the  other  hand,  if  X  lie  be- 
tween O  and  A  B,  F  will  be  in  the  oppofile  fegmcnt  of  the 
circle,  confequenlly  the  conflrudlion  is  impoflfible,  unlefs  N 
fall  between  C  and  the  line  A  B,  or  in  the  verfed  fine  of 
half  the  given  arch :  Thefe  things  being  prcmifcd,  if  will  be 
cafily  perceived  that  the  fine  of  the  arch  A  F  B  is  the  \ef% 
limit  of  the  problem,  and  twice  the  fine  of  A  C  Its  greatec 
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II. 

Concerning  the  State  in  wWeA  the  n-ue  Sap  ff  Trm  tj  depofiud 
during  Winta;    Bj/  Tuomai  Ahdkew  Knight,  Efy*. 

It  i)  well  knuwn  lliat  iht  fluid,  generally  called  ihe  Tap  in  The  commMi 
trees,    afcenHs  in  ihc    fpring  anri  fummer  rrotn  iheir  foo's/^i".",^fu„_ 
and  th^t  in   ihc  autumn  and  winter  il   U  not,  in  any  confider-mtr,  bacaatia 
able  quanliiv.  found  in  iheni ;  and  I  have  obfL-rved  in  a  lormer  »"■'"■ 
paper,  that  (his  fluid  rilet  wlMlly  through  Ihe  albiimuni,  or 
fap-wond.     Bui  Du  Hamel  and  rubrequcnt  n»tu»IJIl«  have 
proved,  that  trees  contain  anollier  kind  of  fap,  which  they 
have  called   the  true,  or   pettiliar  juice,  or  fap  of  tbe  plant.  True  or  (ncnliar 
Whence  this  fluid  originates  docs  not  appear  lo  have  been '■P 
agreed  by  natumliOs ;  but  I  have  offered  looie  facl<  to  prove 
that  it  is  generated  by  the  tcal'f ;   and  that  il  differs  froiD  Ihe 
cdmmon  aqueous  lap  owing  to  changes  il  has  utiderjjone  in  its 
circulation  through  i,hai  organ  ;  and  I  have  contended  that  from 
this  fluid  (which  Du  Hamel  has  called  the  fuc  propre,  and 
which  I  will  call  iho  true  fap,)  the  wbiile  fubllancc,  which  is 
annually  add «d  to  Ihc  tree,  is  derived.     I  (Iiall  cmli-avour  in  eiifti  in  di: 
the  prefenl  paper  to  prove  thai  this  fluid,  in  an  infpilftled  j *"""" 
flats,  or  fome  concrete  malter  dcpofiied  by  il,  csifts  during  In  fnbltqgein 
Ihc  winter  in  the  alburnum,  and  Ihat  from  this  fluid,  or  Cub-  ''=«!'>*'"■ 
I*   flance,  dilToKcd  in  the  afcending  aqueous  fap,  is  derived  the 

t    inciter  which  enters  iniu  Ihe  compofuioii  of  ijie  new  leaves  in 
the  fprinf;,  and  thus  fufiiilhes  thole  organs,  which  were  not 
wanltd  during   the  winltr.   bm  which  ate  eflential  to  the 
'    further  prngrel*  of  vegelation. 

Few  perfons  at  all  converfant  wilh  limber  afB'gnoranl.lhal-rhit  wlnicror 
ihc  alburnum,  or  fip-wood  of  trees,  which  are  felled  in  the  autumn  fcikd 
autumn  or  winter,  is  much  fuperior  in  qualily  to  thai  of  other  ^^^^^  mo„ 
I-   treeiof  ihe  fame   fpecies,  which  are  fulTered  to  fland  (ill  the  firmi  ftc."" 
I     fpring,  orfummer:  it  is  at  once  more  firm  and  tenacioui  in 

its  texture,  and  more  durable.  This  fuperioritj  in  winter- "'nmor.ljrit- 
fclted  wood  has  been  generally  aiir.buted  to'the  ablence  of  Ihe  '^^^^  ^  "^ 
bp  at  that  feafou  i  but  Ihe  appearance  ami  qualities  «f  the  lip  t 

•  See  Phil.  Tranf.  of  ISOI,  fUg"  33G. 
i  rhiluT.  Tcwf.  ISOj,  p.  6S. 
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wooc!  feem  more  juflly  to  warrant  the  conclaiion,  that  (bnie 

^but  probably   fubftance  has  been  added  to,  inflead  of  laken  from  it,  and 

pre  cncc.    ^^^^y  circumftances  induced  me  to  fufpcdl  that  thw  fubftance 

is  generated*  and  depofited  within  it,  in  the  preceding  fommer 

and  autumn. 

Full  grown  Du  Hamcl  has  remarked,  and  is  evidently  puza^d  whb  the 

moift'  'tenufull    ^^''cumrtance,  thai  trees  perfpire  more  in  the  month  of  Augnff, 

when  the  Iraves  are  full  grown,  and  when  the  «nnttal  (liooti 

have  ceafed  to  elongate,  than  al  any  earher  period;  imkIwo 

cannot  fuppofc  t!ic  powers  of  vegetation  to  be  thusadively 

employed,  but  in  llie  execution  of  ftwne  very  important  openu 

— >and  at  this      tinn.     Bulbous  and  tuberonc  roots  are  almoil  wholly  generated 

'^tatfv^owen  **^^^  ^^^'  ^^^^^^  ^"^  ^^*'"'  "^  **^®  plants,  10  which  they  belong, 

«ppartD  be enu have  attained  their  full  growth;  and  1  have  conftanlly  ibund, 

P'^yf*  *"h^"      *"  ^y  F^'^*^'®  !»*  a  farmer,  that  the  produce  of  my  meadows  has 

growth  of  the    been  immcnfely  increafed  when  the  herbage  Of  the  preceding 

vegetable*  year  had  remained  to  perform  its  proper  office  till  the  end  of 

the  autumn,  on  ground  which  had  l>een  mowed  early  in  the 

furomcr.     Whence  1  have  been  led  to  imagine,  that  the  leaves, 

both  of  trees  and  herbaceous  plants,  arc  alike  employed,  during 

the  latter  part  of  the  fummer,  in  the  preparation  of  matter 

calculated  to  afford  food  to  the  expanding  budi  and  bloflbms 

of  the  fuccecdinj?  Ipring,  and  to  cuter  into  the  compoiition  of 

new  orc^ans  of  alii m i la t ion. 

If  this  he  the         If  the  preceding  h\  pnllicfis  be  well  founded,  wc  may  expeft 

W*'^d^°h'^     to  find  that   lome  change  will   gradually  take   place  in   tho 

rh(  aqueous  f«p  qualities  of  the  aqueous  fap  of  trees  during  itx  afcent  in  the 

inuft  be  altered    fpnng;  and  that  any  given  portion  of  winter-felled  wood  will 

and  the  winter    ^^  ^^^^  ^**™^  ^''"^  potfcfs  a  grea^e^  degree  of  fpecific  gravity, 

felled  wood  will  and  yield  a  larger  quantity  of  extraftive  matter,  than  the  fame 

.  ''      *  quatitity  of  wood  which  has  been  felled  in  the  fpring  or  in  the 

early  part  of  the  fummer.     To  afcertain  thefe  points  I  made 

the  experiments,  an  account  of  which  I  have  now  the  bonoar 

to  lay  before  you. 

Experiments.  As  early  in  the  laft  fpring  as  the  fap  had  rifen  in  thefyci- 

Birch  and  fyca.   ^^^.^  ^^^  j^j^^,^    j   ^^^^  incifions  into  the  trunks  of  thofe 

more  in  fpring  ' 

gave  fap  mnft     trees,  fomc  clofe  to  the  ground,  and  others  at  the  elevation  of 
aqueous  near  the  pg^^^  (^^t    3,,^  j  readily  cblaincd  fr<>m  each  incilion  as  much 

b  ttom ;  but         .  ,  .         * /-  .   •         t      r         r  •         r  .%     r 

dcnfer  and  more  lap  as  I  Wanted.     Afcertaming  the  Ipecinc  gravity  ot  the  lap 

faccharinc  the     ©f  cach  tree,  obtained  at  tile  difTei^nt  elevations,  I  found  that 

1^  crup.        ^j.  ^^^  ^^^  of  the  f}camore  vintb  very  little  variation^  indif» 

'      '  fcrent 
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ferenl  trees,  to  be  J  .001  when  cxlraded  clofe  to  llie  ground, 
and  1.003  al  the  height  of  (even  feel.  The  Tap  of  the  bircli 
was  Ibmewhal  lighter;  but  the  iucreafe  of  iis  rpecific  gravitj-, 
ai  ;;tcai<ir  devalion,  was  comparaiively  the  fame.  When  ex- 
Iradeil  near  ihe  ground  the  Tap  of  both  kinds  was  almoll  free 
from  lafle;  but  when  ublained  at  a  greater  height,  Jt  nas 
fcniiblj  Tweet.  The  fliotlnef^of  the  trunks  of  ihe  fycamore 
lree<,  which  were  the  fuhjefl*  of  my  experiments,  did  not 
petmit  me  to  extrafi  Ihe  fap  at  a.  greater  elevation  than  fccen 
feel,  except  in  one  indance,  and  in  Ihat,  al  twelve  Tect  from 
the  ground,  I  obtained  a  very  fwcel  fluid,  whofe  fpccific  gra- 
vity was  1.012, 

I  conceived  it  probalile,  Ihat  if  the  Tap  in  the  preceding  cafes  The  lap  6itt 
derived  any  coiiridetable  portion  of  its  ircreafed  fpecific  gra-  fiJa?"^^"" 
vilv  from  mailer  piewioullv  e\i(iing  in  the  alburnum.  1  (houM  iiir»i  ihailn 
find  lome  diminution  of  in  weight,  when  it  had  continued  to  "S?™""*" 
flow  fomedajs  from  ihe  fame  indfion.becaiire  llic  alburnum  iniriinu  intbe 
the  vicinity  of  llial  infilion  would,   under  fiich  ciri-um fiances,  ilburniinu 
have  become  in  fome  degree  exhaulled:  and  on  comparing 
(lie  rpecific  gravity  of  ihe  Tap  which  had  flowed  from  h  recent 
«nd  an  old  incilion,  I  found  that  from  (he old  to  be  reduced  l<^ 
1.002,  and  that  from  the  recent  one  !o  remain  1  .OOi,  at  in  Ihe 
preceding  csles,  Ihe  inciGon  being  made  clofe  lo  the  ground. 
Wherever  cxtrafled,  whether  clofe  lo  the  ground,  or  al  fome 
diHance  from  it,  the  Tap  always  appeared  to  contain  a  large 
portion  of  air. 

In  the  experiment  to  difcover  the  variation  in  Ihe  fpecific  U  IxliScolt  la 
gravity  of  the  alburnum  of  trees  al  different    feafonn,  '^"'^e™^'"'*^' 
obflades  lo  Ihe  attainment  of  any  very  accurate  refuhs  pre- dcniltj  oi  fp. 
fenled  ihemfelves.     The  wood  of  different  trees  of  Ihe  fame  B"'"")'  "^  '■" 
fpecies,  and  growing  in  the  fame  foil,  or  that  laken  from 
different  parts  of  the  fame  tree,  poUeffes  different  degrees  of 
fotidiiy;  and  the  weight  of  every  part   ol  ihe  alburnum  ap- 
pears lo  increafe  with   ils  age,  the  e>fterna!  laycri  being  the 
lightefi.     The  folidity  of  wood  varies  alfo  wilh  the  greater  oc 
lefs  rapidity  of  its  growth.     Thefe  fources  of  error  might  ap. 
I     parently  have  been  avoided  by  culling  off,  at  different  feafom, 
I     portions  of  the  fame  trunk  or  branch:  but  the  wound  thus 
I    inade  might,  in  fome  degree,  have  impeded  the  due  progrefs 
I    of  ilie  fap  in  its  afceni,  and  the  p^l  btlow  might  have  been 
I    mif  heavier  by  Ihe  (lagnation  of  the  fap,  aud  lliat  above 
I  -  lightei 


S3S  tTATK    or    THV    SAF    in    WINTER." 

B  "fciUri^'' tet'  ''if^**^*y  t^Tivftffoii  •f  itfi:pit>perqiiMtitj  of.  mrtrimcnt.    The 
in  an  oak  coppice  ™^^  eligible  method  therefore,  which  occurred  to  Due,  was  to 
in  winter  an«     fde^  and  mark  In  tbo  wmfer  fom«  ef  ikc  potei  of  an  oak 
pitfSng  tfaem/  "  coppice,  when^all  are  of  eqtial  age^  and  where  many,  of  the 
lame  Hse  and  growing  with  cqaai  vigour,  fpring  fjrom  the 
fame  flool.     One  hftif  of  the  poles  which  I  marked  and  num- 
bered were  cut  on  the  Sid  of  December,  J  SOS,  and  the 
rethainder  on  the  \5ih  of  the  following  May,  when  the  leaves 
were  nearly  half  grown.   Proper  marks  were  pat  todiftioguifli 
the  winter-felled  from  the  fummer-felled  poles  the  bark  being 
Icfl  on  all,  and  all  being  placed  in  the  fame  iilualioa  to  dry. 
The  winter  In  the  beginning  of  Auguft  I  cut  off  nearly  equal  portions 

denfeft^er'^  from  a  winter  and  fummer-felled  pole,,  whith  had  both  ;;rown 
feaibniag,  on  the  fame  (loot;  and  both   portions  were  then  pm  in  a 

fituation,  where,  during   the  feven  fuccceding  weeks,  ifaey 
were  kept  very  warm  by  a  fire.  The  fummer-felied  wood  wa5, 
when  put  to  dry,  the  mofl  heavy ;  but  it  evidently  contained 
much  more  water  than  the  other,  and,  partly  at  leaA,  from 
this  caufe,  it  contraflcd  muc!)  more  in  drying.     In  tho  begin- 
ning'of  Odober  both  kinds  appeared  to  beperfe^ly  dry*  and 
I  then  afcertained  the  fpeciiic  gravity  of  the   winter-felled 
wood  to  be  0.679,  and  that  of  the  fummer-feKed  wood  to  be 
O.f>09  ;  after  each  had  been  immerfed  five  minutes  in  water. 
—by  more  than      This  dilference  of  ten  per  cent,  was  confiderably  more  than 
un  per  ccnc.       j  j^^^  antli  ipated,  and  it  was  not  till  I  had  fufpended  and  taken 
oir  from   the  balance  each  portion,  at  lead  ten  times,  that  I 
ceafed  to  believe  that  foine  error  had  cxxurred  in  the  experi- 
ment: and  indeed  I  was  not  al  laft  fatisfied  till  I  had  afcertained 
by  means  of  compaiTes  adapted  to  the  meafurenient  of  folids, 
that  (he  winter-felled  pieces  of  wood  were  much  lefs  than  the 
'  others  which  they  equalled  in  weight. 
The  dlflrrence       The  pieces  of  wood,  which  had  been  the  fubje£ls  of  tbefe 
muchlri*the*     experiments,  were  again  p'lt  to  dry,  willi  other  pieces  of  the 
newly  formed     fame  poles,  and  I  yeilerday  atccrtained  the  fpecific  gravity  of 
layers  of  each.    ^^^^  ^j^j^  fcarcely  any  variation  in  the  refult.     But  when  I 
omitted  the  medulla,  and  parts  adjacent  to  it,  and  ufed  the 
layers  of  wood  which  had  been  more  recently  formed,  I  found 
the  fpecific  gravity  of  the  winter-felled  wood  to  be  only  0.583, 
and  that  of  (he  fummer-felled  to  be  0.533;  and  trying  the 
fame  experiment  with  (iaailar  pieces  of  wood,  but  taken  from 

poles 
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[mles  wbich  had  grown  on  a  iHlTerenl  flool,  Ihe  fpeirific  griivhy 
Ol  (tie  wjnter-ieUed:  wuo^  v^i  &,5es,  and  lliat  oi  iha  Vrain^f* 
felled  U.S)4. 

IL  is  tiviilent  iliat  ibc  whoke  of  the  piticeding  di9Feience  ifl  Tht  wimu 
tlic  Ipecilic  giawily  DfilliB  winter  and  fu ram w-fc lied  wo^  u^(*^^I! 
■nighl  have  atiftn  trgm  a  gr«jiiier  dcKret;  «t'  contrafliun  in  ihc  tion  ef  utm. 
former  kind,  vihtlR  drying  -,  1  i(mrefur«  procet-'dud  to  afceilain 
whclhur  any  j^iven  portiuii  ol  it,  by  vrcighl.  .wouid  »Surd..9 
greater  qnaniiiy  of  exitofliirQ  mailer.  wlieQ  Heeped  ip  tvalei. 
Having  ihettitae  reduced  Id  rmall  IrsgitiDHts  lOUO  grain t  uf 
eacli  kind.  I  poured  on  each  porlion  ux  ounijet  uf  boiUtig 
water;  and  at  the  end  of  Iwtjiiiv-louc  liouifi.  when  tiie  tem- 
peraiure  ol'ilie  waicr  had  funk,  to  60",  I  found  ibal  tha  win|er- 
felled  wood  had  coiomunicated  a  muth  deeper  colour  to  llie 
water  in  which  it  Itad  bei;n  infurcd,  and  had  raifed  iis  ^ci5c 
gravity  to  I  ,()02.  The  fpeci6c  gravity  of  the  water  in  vyhich 
Ihefummer-k'llcil  wood  had,  in  the  fame  manner,  been  infufcd 
was  1,001  ■  The  wood  in  all  ihe  preceding  cafe*  was  lalccD 
£-001  lire  upper  paitftof  the  polei,  about  eight  feet  from  life 
jround. 

Having  nbferved.  in  Ihe  preceding  expeiimenl!,  that  the  fepProbahltity  that   ' 
of  Ihe  fycamon:  bctarae  fpccifically  lighter  when  it  had  ^on*  Jj^'i'^  "  "" 
linued   to   flo.v  diirinj;   feveral  days  fiom  ihe  fame  tncifloD.   I  lebby  iIm  lci»« 
.concluded  that  the  alliufnum  in  (he  vicinity  of  fuch  incifionh ad  "'""'"«». 
been  deprived  of  a  larger  portion  of  its  concrete  or  infpiflaled 
fap  than  io  other  parn  of  the  fame  Iiee;   and  1  therefore  fuf- 
.pefl-jd  thai  I  thould  hud  limilaf  effects  to  have  been  produced 
by  the  youii^'  annaal  Iboots  and  leaves ;  and  that  any  given 
weight  of  ilutalbufnucn  in  their  vitiniij  would  be  found  to  ton- 
.lain  lefs  OKtra^live  rostter  llian  an  equal  portion  taken  fium 
the  lower  puts  ol  the  faine  polci  where  no  annual  thools  or 
.leaver  had  been  produced. 

No  inforroaiiun  could  in  this  cafe  be  derived  from  the  dif-  Eiimiincnt 
'/erence  in  the  (peciftc  gravity  of  the  wood;  bccaufe  the  fub-  J"""*^  'Iwubrj- 
^(lancc  of  every  tree  h  moli  denfe  and  fojid  in  the  lower  parts  ponnn  »(  <*• 
of  its  trunk;  and  I  could  on  this  account  judge  only  Iroia  the  "•^j"'^ 
quantity  of  exliaAlve  matter  which  equal  portiou  of  Ihelwo 
kinJs  of  wood  would  afford.     Having  therefore  reducetLilO 
piecei  fcvcral  equal  portiun«  of  wood  takunlcom  di&nint 
jparls  of  Iheramepolusi  which  liad  been  felled  in  May,  J  pouted 
M  each  portioD  an  equxl  quantity  of  boiling  water,  whicli  I 


fufliiied 
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fuSered  to  remain  Iwentj  hours,  a*  in.lib&pceceding  expert 

menU:  and  I  ihcn  funnd  that  in  fomsinftaDces  the  wood  from 

the  lower,  and  iu  liic  oihcrd  that  i'rom  the  upper  patis  of  the 

pole*,  had  given  to  the  water  thedcepeft  colour  and  greatell  dc- 

<  V  gree  of  fpecific  gravity ;  but  that  all  had  afforded  much  «xtrao 

tive  matter,  though  in  every  inftance  the  quantity  yi^ded  was 

much  lefi  than  I  had,  in  all  cafe^,  found  in  fimilar  itifiifions  of 

winter-felled  wood. 

Hence  many  It  appears^  therefore,  that  the  rcfervoir  of  matter  depofi ted 

treMhave  1  fuc-  jq  tj,^.  albumum  IS  noi  wholly  exhauftcd  in  the  fucceeding 

and  buds.  fpring:  and  hence  we  are  able  to  account  for  the  feveral  fuc- 

celTions  of  leaves  and  buds  which  trees  are  capable  of  producing 

*      when  thofe  previoufly  protruded  have  been  d^ftrojed  by 

infers  or  other  caofcs ;  and  fur  the  extremely  luxuriant  (boots, 

which  often  fpring  from  (he  trunks  of  trees,  whofe  branches 

have  been  long  in  a  fiate  of  decay. 

^he  matter  in  ^  '^^^  ^^'^  ^^^^  fcafons  to  believe  that  the  matter  depolited 
thcilboraum  in  the  alburnum  remains  unemployed  in  fome  cafes  during 
aSf/cT*  fcicral^^^^*^  fucceffivc  years:  it  does  not  appear  probable  that  it 
jcATs.  can  be  all  empbyed  by  trees  which,  after  having  be<)n  tranf- 

planted,  produce  very  few  leaves,  or  by  thofowhieb  produce 
-neither  blodbms  nor  fruit.  In  making  experiments  in  J 802, 
to  afcertain  the  manner  in  which  the  buds  of  trees  are  repro- 
duced, I  cut  off  in  the  winter  all  the  branches  of  a  very  large 
old  pear  tree,  at  a  fmall  diflance  from  the  trunk  ;  and  I  pared 
off,  at  the  fame  time,  the  whole  of  the  lifelef^  external  bark. 
Ja/lana  :  in  an  The  age  of  this  tree,  I  have  good  reafon  to  believe,  fomewbst 
old  pear  tree,  exceeded  two  centuries :  its  extremities  were  generally  dead; 
and  it  afforded  few  leaves,  and  no  fruit;  and  I  had  long  ex- 
pe6ted  every  fucceflive  year  to  terminate  its  exigence.  After 
being  deprived  of  its  external  bark,  and  of  all  its  buds,  no 
marks  of  vegetation  appeared  in  the  fucceeding  fpring,  or 
early  part  of  the  fummer;  but  in  the  beginning  of  July  nu* 
merous  buds  penetrated  through  the  bark  in  every  part,  many 
leaves  of  large  iize  every  where  appeared^  and  in  theautuma 
every  part  was  covered  with  very  vigorous  (hoots,  exceeding, 
in  the  a{;gregate,  two  feel  in  length.  The  number  of  leaves 
whicii,  in  tliis  cafe,  fprang  at  once  from  the  trunk  and 
branches  appeared  to  me  greatly  to  exceed  the  whole  of  thofe 
which  the  tree  had  born  in  the  three  preceding  fcafons ;  and  I 

3  caooyt 
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cannol  believe  [h«t  rtie  mailer  which  compofud  ibefo  bud^  and 
leaves  could  have  been  wrfiuHy  prcpsred  by  (lie  feeble  tegeta- 
tion  and  fcaufy  foliage  of  Ihe  prucedirg  year. 

Butwljoiher  tii^  rubftdnoe  whicli  is  found  in  Ihe  aibiimum  it  ii  ftrangly 
of  winier-fclled  trcet,  and  whi.-h  drfappuars  in  pail   in  th«  r^^'"''^'  *^^ 
fprin^  and  early  p3»t  of  ihc  fiimmerj  be  generated  in  one  or  puft,  [h,  luf. 
in  fevefai  preceJiiig  yew),  there  feem  lo  ba  flrong  grounds 
«r  prubditility.  llial  Ihii  fubltance  enters  into  the  CDrnpOHlion 
of  ihefeaf.-  fbr  we  have  aliunffant  rcafoO  10  believe  thatthit 
organ  in  ihe  principal  agenl  ut'  aflimifetion ;  and  lirarcely  any 
thing  call  l,c  mofc  contrary  to  ■every  conclufion  we  (houlil 
draw  from  anklogka!  riafonlhg  and  eotnparrfon  of  the  vegetable 
with  the  animal  ecnnomv,  or  in  itfclf  mnre  improbable,  than 
that  (he  Wf,  or  any  other  organ,  fliould  fingly  prepare  and 
sflimilate  immediadly  from  the  crude a(]iieous  fap,  iltat  raatlec 
which  compofesi  iifelf. 

!l  has  been  cunttmlcil  •  (hat  the  bads  (hemrelvei  contain  it  ii  not  lUcdy 
the  nutrimenl  lieccITarf  ti)r  llie  minute  unfoIJine  leavej;  but ''"•  ■'^  "•  . 
frees  poirefs  a  pnwer  to  reproduce  therr  binl',  an'l  the  mailer  crude  lip. 
neceflJtry  to  form  iht-fe  bud<  mud  eviftently  be  derived  from 
foffle Other  fuurce:  nor  does  it  uppear  pmbable  that  iheyoutig 
leaves  Very  foon  mler  on'  Ihii  uflice  :  for  the  experim^i  if 
IngenhoUK  prove  that  Iheir  aflion  on  the  air  which  foTrdutnl] 
them  is   very  cITdnlially   dUrerent  from  that   of  full  gtann 
leaves.     It  11  true  that  buds  in  many  infiancci  wlH  **fgetite, 
and  (Wftduce  tree*,  when  a  veiy  fmall  poriioii  only  of 'blbCf- 
Hum  remain!  altathed  to  llietn;  bnt  the  firR  eflbn^  WA^teT     •     "■"!.■  , 
talioi.  in  fucb  bulls  are  much  more  feeble  than,  in  oftAft*Tt.    .'"""T^ 
whidr  B  larger  quantity  of  alburnum  is  aitsched,  Bnd  lh*ri(W« 
we  have,  in  lhn  cafe,  no  gfoiindf  lo  fuppofe  ibav  the  t^vVf 
derive  their  firll  nuifimeni  from  ihe  cr  jiie  fap, 

It   !i  alfo  generally   admiited.    from   the  Qx[fertmenb  ofjiu-Ji  »r  Adi 
Bonnet  and  Du  Hamel,  which  I  iavc  repjaleil  wilh  thefmife  ^"^"^^ 
refull,  Ihat  in  the  cotyledons  of  the  feed  i)  depoGted  a  qointTly  buc  from  miner 
of  nuUtnient  for  the  buH,  wliich  every  Iced  conlaiin;  awl  ^1*''™"'"''= 
though  no  vcflelj  eaii  be  traced  +  which  lead  immediitely 
from  the  eolyledoni  to  the  bud  Or  phtmula,  it  i«  not  diflicdltlo 
point  out  a  mure  clrcultUis  paflage,  which  Is  petfcflly  fimHmr 
[9  that  ihrongh'which  I  conceire  (bcfi/p  lobe  Carried  from  Ifie 

•  Thomfoa'i  Clieraiftrj-.'  *  i  Hedwig- 
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leaves  (o  (he  bud!:,  (n  (he  fubfeqoent  growlh  of  the  Iree;  and 
i  tim  in  pofTelfion  of  many  hCt*  to  prove  that  feedling  trees, 
in  (he  firft  (lage  of  (heir  exifience,  depend  entirely  on  the 
notriment  aHTorded  by.  the  cotyledonx;  and  that  they  are 
greatly  injured,  and  in  many  inftances  killed,  by  being  put  to 
vegetate  in  rich  mould. 

CTo  be  concluded  in  the  SuppUmeat.'j 


III. 
On  the  Ddiqmfccncc  and  ^fflorefcnce  qf  Salts.  i(^  C .  L.  C  A  D  it.* 

Deliquefcence  /^LL  chcmiiis  are  of  (he  fame  opinion  relative  to  the  caufe 
"«*  '^^^'^"^^f  the  deliquefcence  or  the  efflorefcence  of  a  fait.  The  a(- 
the  relative  at-  tradion  of  (he  fait  for  the  wa(er  contained  in  the  atmofphere 
tn^ioniofthe  occaQons  the  firft  phcnomc*non,  the  attradioo  of  the  atmof- 
cut  for  water,     p^ieric  air  for  (lie  water  of  cr)(laIlizaLion  of  the  fait  canfes  Ibe 

fccond. 
The  difference  This  attraciion  has  been  found  to  vary  io  the  diftrent  falts, 
fcetween  ooefalt^l^^j^jgr  deliquefcent  or  e/Horefcent,  to  be  (Ironger  in  fone 
been  noticed,  kinds,  and  more  fpecdy  in  others;  but  no  one  hat  yet  oUerved 
but  not  the  va-  whether  it  had  any  dependence  on  the  conflitution  of  the  at- 
ftitte  of  the  air  niofphere,  (he  eieclric  ibtc  of  (he  air,  the  quantity  of  caloric 
&c.  it  contained}  if  il  was  always  (he  fame  in  any  one  (alt,  and  if 

i(  regularly  became  weaker  in  proportion  as  fatiifation  ap- 
proached, neilhcr  have  any  tables  been  yet  prepared,  which 
mi;;iit  indicate  the  degree  of  deliquefcence,  or  of  cfflorefccnce 
ot  (he  ditferent  lulls. 

Of  the  hvpolhcfes  which  could   be  made  on  thefe  pheno- 

.mena,  (lie  fullowing  fcemcd  mod  probable. 

Hypothefes  that     Ihe  faUs  Which  deprived  the  air  of  its  humidity  ought  to 

$?"'ij*^^""  A*^^' *^  in  this  refpecl  in  proportion  (o  (he  quanii(y  of  water  which 

water  in  propor- the  air  held  in  fulution  or  in  fufpenfion.     The  greater  the  hu- 

tiooas  thehy.  niij||y  ^,J■  |he  air,  the  more  fliould  (he  deliquefcent  falts  aug- 
grometer  mdu  -'.  .   ,        -      .  ,       ,  r    i    •  •    t     «       i.. 

cated  its  pre.  ment  HI  weigh(|  lo  (hat  ihc  degree  ot  their  weight  mould  be 
fence.  conformable  to  the  progrels  of  the  hygrometer. 

B.uomctrical  .         On  (he  other  hand  atmofpheric  preflure,  which  more  or  lefs 
oppofcs  evaporation,  ought  to  have  an  influence  on  thefatura* 
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t(on  a(  llie  hits.  fuKK  it  c^ttTes  llie  denCty  of  liie..aii  to  varjr ; 

tconTequentl^  llicre  fliould  be  an  sgrecmettt  betweon  Ihe  vsri- 

atiiiin  of  iJie  bari>m<.-lcr  auU  llie  deliquefccncc  *f  r»ll>. 

Tlic  variations  ut  (einpcratutC!,  by  liilating,  or  b;  conden- —theimamKfi- 
,;Giig  [Jiemafiof  llie  aimolpbere,  fliouldalfo  occafian  changes  "'""""W  ilf^ 
.ill  Ihepraporiiiiii  of  water  abCiirbed  by  Ibc  lalu,  oo  whicli  «c- „ce. 
.count  it  would  be  ufeliil  lu  obferve  Uk  ihefmomelor. 
.     I  lliouglil  ffloreovLT  that  one  fait  had  not  only  more  or  lefi  DeiiqneTcnt 
.atlraaion  for  the  water  contained  in  Ihie  ait  than  another,  but  [**"  """if*  ''" 

,  ,  .  _.  ,  ,.,  ,  ,  -  r    1     .  .  <""  "Wft  •*a*M 

.  that  lliii  atlracUon  varied  Idkewile  in  llie  laaie  fait  in  proportion  ir,A  diutArd. 
Bs  it  had  loll  or  abtbibcd  water.     J  hoped  by  thus  comparing 
.llic  deliiiuefcciice  and  cinoreli-cnce  of  t'alK  w'tih  the  llale  ol 
.th«  di&rcnt  meteorological  inflrumcnts,  lo  obtain  refulls  fuffi- 
cicnlly  cunflant  lo  cfiablifti  a  theory  of  deliquufcwicc  or  ef- 
flo(eli:%iKc.    I  hoped  alfo  lobe  able  to  ufe  the  I'atlt  themfelvci 
a;  indrumcnt;  of  meteoTnlogical  obfervation  ;  bat  experience  Ex^FricncF  i]i 
prove!  (hat  icafoninij  apparently  fonndcd  on  the  Ifucft  theory  no'.w'fi™ 
,lre(|ucnlly  deceives  exp«flation.     It  i»  neverihdefs  necwTary 
-  to  attend  lo  negative  la&t,  which  rometiinet  areas  fervicMble 
lo  fcii-nce  an  ihiit'e  of  a  pufitive  natore. 

1  did  not  liml  a  lingie  fall  wbich  feenied  (o  hove  (lie  leafi  None  of  ilw  f jtr» 
.•onfotinity  wilb  the  Hale  of  ihe  barometer,  hydrometer,  *f ''^f"^'"i,l^" 
tixrrmoinelcr.     On  ihe  fame  day  many  falls  increared  conlider-  caniormi;)'  M' 
ably  ill  weight,  while  oiheis  indicated  a  Jiow  progrcfi.     Some  "*"«"= 
had  but  a  fiualj  atlraflion,  when  the  hygromeltr  (hewed  a 
gri.-al  depee  of  humidity,  and  were  moft  deliqueTcent  when 
the  air  Teemed  mofl  dry,     Atniorplienc  prelfure  never  had  the 
leaR  agreement  with  the  increafe  of  weight  of  a  falrr  and  tJu' 
lliermometer  having  varied  but  halfa  degree  during  ihc  oouric 
of  the  experiinenl*,  doc*  not  furniih  any  obfervalion  on  the 
in^uencsol  lemper^lurc.     li  is  therefor*  impofTible  to  explain 
by  ihe  meteorological  chaiigcn  any  of  the  variaitons  which  I 
ubfervcdiin  lh«  delitjuefcence,  or  the  efflorei'ccnce  of  falls. 

FJiare/cni  Sail'. 
1  weifched  exactly  238  grains  of  (ulpbale  of  foda,  of  pliof-  tifamrot. 
pbale  of  f'jda,  asd  of  carbonate  of  fiida,  wliich  three  falls  ate  (,|j,  i:,iinii,tr, 
confid'creit  as  tli*e  mud  cl]iorefcent,  and  placed  it^i^Q  a  dry  rh"<'p>^'"  ""^ 
and  al/y  CLtu.ilion,  after  having  careiuliy  diicd  the  C4|»fulei"''j^j^^''"°** 
which  contained  them.     I  pul  alfu  ia  Die  fame  place  an  hygro-  ' 
meter,  a  baromeier,  anda  therTDomelcr:  itethteelfttblhcwed, 
llie  following  rel'ulli,  * 
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.-■e^iUi  ***'W'        ^--,,,., titft tocfflorefn. 
I/ArfweSght        Sripfcriefif  fi)d»      -    61  day* 
iBMchbj-efflo.     Pliolphite  of  foda   -    39     -        .91 
'*'*'™^'  Carbonate  of  foda  -    5 1      -        -      86 

I(  fllDuld  hcia  from  ihfi  ub)c  that  tbe(e  O^ee  fait*  Mgfit  b 

b«  otsHed  ii)  ihe  preceding  order ;  but  it  muA  fy^  tih(tT<ted  that 

,  falu  conl^n  more  at  lefs  waleT,  in  proportion  a»  they  cj/ial- 

CmfldfirAMiu    ioe  flnwly  or  rapidly.     The  oQinber  of  days  which  ty«Te 

ii«L*tt5^ot«  P'**>*^  '"  '"^  efflorefcence  of  itiefe  falu  flioiild  rory,  bothb 

Ds  afifnl  Kr«it  pToponion  to  the  water  ibcy  conlaincdi  and  to  the  exicat 

in  drtiquefMiit   i,((ice  which  they  dspofed  to  the  aiSlion  of  the  rurKoaodiiqf 

,.,air;  »nd  Iherelore  the  lime  of  their  efflorefcence  can  gWe  oi 

-^  irvppreciation  of  the  force  of  their  attraftion  for  water..    TUl 

{,  feflcflion  prevented  my  making  cn penmen U  unanjr  more  et 

fioidceiitraiU. 

Dcliqu^rnt  Sails. 

I  tool  289  grains  of  each  of  the  fall:  in  the  fi^wnqi'^fal^ 

(which  are  very  feoGbly  dt^liquercenl,  (ince  they  till  abror^tdi'' 

more  than  half  their  weight  of  water],  and  placed   each  if 

them  in  a  dri«d  capfule,  abng  with  the  before- men Uoiled  me*. 

''.       ^rological   indrumenls,  in  a  dam[i  liiualion,  and  af^t  IM 

^      ifiyi  of  ohferi-alions  noted  what  ii  included  in  Ae  table. 

*"  '  'jf' ToAfc  qf  DeUqueJixnt  Salts,  in  ikt  Order  qf 

efiimated  by  the  Suanlily  </  Water  iii|n>ri«fJ 


T»tle  of  the      Aceiile  of  polalh 
!n«=ift  of         Mdriate  of  lime 

weiiht  inucliaf  .,     •  r 


hcl|t 


Nitrate  of  mangancfe 
""    Nitrate  of  zinc 
Nitrate  of  lime 
IVIuriaie  of  magncfia 
Niiraie  of  copper 
Muriate  of  antimony 
'-"    Muriate  of  alumine 
j1u.-.J  KttraieM'  aluniine 
■  "J'  VliithHeiX  zinc 
rt3r34^Hrato  «f  foda 
l'>.t'"'tJftrahr  of  ttoignofia 


11»-- 


!Mt  ' 


'  il« .' 
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am  t4i»3. 
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Acid  lulphnte  nf  aluffli 

Muriate  of  bifinnih  -         -     11+         -         17t 

Add  phofphate  of  time       -         -       93         -         155 
Miiriale  of  copper      -         -         -119         -         148 

Sri  bcamining  (Ills  table  it  may  hv  remarked  tfiat  the  dura- The  tia-^afab. 
lion  of  the  abforpiiim  i<  not  in  any  proportion  lo  the  quantity  -^'^^J^"^ 
The  muriate  (if  nlumine,  for  example,  took  l-l-^dayi  toablorb  la  thi  i^aantitieia 
31!?  grains  of  wsler,  while  the  nitrate  oi  manganefe  look  but 
85  day*  <o  abforb  527  grains.  That  the  force  of  allraflion 
inay  be  eftimated  from  the  rapidity  with  which  the  bodiei  unite 
mull  nbt  be  concluded  from  ihis ;  for  the  fame  (able  llievM  that 
liitrato  of  magtiefia  fatoraled  itfelf  in  73  days,  and  only  ab- 
forbed  207  graini  of  water,  a  much  lef;  quantity  than  that  taken 
up  by  the  nitrate  of  raangancfe.  Although  the  greater  or  lefi  Though  ihe  n- 
feclUty  with  which  dcNquefcent  fjlis  faturate  themfelves  with  fi^'Jj^ '^J'SS^ 
water  cannot  be  accoumed  for,  (Cnce  a  fait  half  falurRled,  or  Jiai*  ihe  pro* 
hair  deprived  of  water,  ia  no  longer  the  fame  body,  and  con-  t^'ihVf  ^"2 
lequently  exercifes  other  attrafliont  than  what  (he  fame  fall  ufcfuU 
does  in  iti  ordinary  l^ate,  or  in  a  ditFerent  ftate  of  faluration,] 
the  rapidity  of  their  faluralion  U  not  however  an  indifferent 
matter.  In  the  esperimenis  which  have  been  made  on  pip- 
dueing  artificial  cold  by  murial-;  of  litne,  it  has  been  remarked 
that  Ihe  cold  wa)  grealci  in  proportion  at  (he  ice  was  melted; 
bul  i[i5  probable  that  the  muriate,  and  abovealUhe  nitrate  of ''"'''*''"'•■*» 
iDBnganefe,  wliicli  become?  liquid  much  quicker,  would  pro-  g,^.  „,j  j,,*." 
(juce  with  ice  a  more  inlenfe  cold,  and  thai  certain  liquors  duce  iptculi  n- 
whichhave  hitherto  refined  coagulati.m,  would  be  ftflldificd'"*^*''*'* 
by  tiiefe  two  falts,  which  experiment  it  higlily  deft^rving  of  3 
trial. 

In  order  (o  examine  whether  deliquefcence  dependt  on  the  b  iris  not  ip. 
projWftion  of  the  hofe,  or  of  the  acid  which  conftituM;  the  \'"^^'^^' 
Taki,  I  compared  wiibeaclf  other  llie  dilfeienlanBlyrei  of  fait;  pcndtgn  die 
publillied  by  Bergman,  Kiaproth.   Fuurcroy,  and  Vauquclio,  P'**^"""^ 
and  I  law  that  no  induflion  could  be  from  their  compofilion  i  E^tv 
for  (here  arefotne  fall^  which  have  ihebofc  in!  very  coaCder- 
able  proftoriion,  iitid  wh^  are  left  deliqiMleent  tliati:  thofe 
wbefe  bafc  i«  l>:rs;  and  many  Dlhus  in  whieh  (liescidU  in  a 
tVoall  proportion,  are  more  ddiquefccnl  ltt«ii  (JioTe,  in  which 
thii  ptincipli:  it  predooinBul.     The  oalmf.o/  Ihc-Kidi  and  of 
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.^noronthepe-tliebafes  ihemfelves  do  not  throw  more  light  on  the  pheno« 

thl'b"rtdi«itt    ™«na  ^f  deliquefcence  than  their  proportions;  for  there  are 
themfelvet.        deliquefcent  falls^  (he  component  parts  of  which  taken  fepa- 
rately,  have  not  any  remarkable  attraction  for  water,  luch  \9 
the  nitrate  of  alumine;  while  on  the  other  hand  the  fulphate 
of  foda  is  efflorefcent,  although  concentrated  futphuric  acid, 
and  cauftic  foda  each  feparately  attrad  humidity.     Nothing 
better  proves  this  axiom  in  chemiflry, — Compounds  hare  pro^ 
ptrties  peculiar  to  tJ^mfclves,  and  differing  from  thofc  cf  ihielr 
component  parts. 
Generally  the         In  general  deliquefcent  falts  encreafe  their  weight  in  a  di- 
ddiqaefcence      minifliing  proportion,  according  as  they  agproach  faturation ; 
when  the  fatu-  thus  the  acetate  of  poladi,  which  in  the  firft  twenty  days  ex- 
ration  was  icaft.  hibited  the  following  progreffion:  21.  3L  44.  5+.  60,  70.  S.l. 
too.  I  to.  120.  12S.  138.  I  (-2.  liS.  160.   169.  177.  186.  192. 
198.  did  not  fliew  on  the  lad  twenty  days  more  than  this,  6V7. 
650.  (^55.  660.  663.  666.  669.  671.  676.  682.  681..  686.  6S8. 
690.  692.  694.  696.  69S.  699.  670.   The  falts  which  were  but 
little  deliquefcent  prefented  a  lingular  phenomenon,  which 
none,  I  believe,  has  obferved  before. 
I^emarkable  The  acid  fulphate  of  alumine,  and  the  acid  phofphate  of 

^*5  nr^  t  '*™®'  increafed  and  diminilhed  fucceflively  in  Weight, 
of  the  abforbed  The  muriate  of  copper  diminiftied  during  45  days  before  it 
ivater  and  after- i^(;g3i)  (^  encreafe.  Thcfe  orcillalions  and  retrograde  move- 
more  and  en-  menls  lake  place  but  once,  and  when  the  fait  has  abforbed  a 
crcafe  till  fatu-  certain  quantity  of  water,  there  is  a  progreflivc  increafe,  al- 
ration.  tliough  flowiy,  until  its  perfect  fatufation,  which  may  depend 

on  the  attraction  of  water  fur  water,  an  attradlion  which  ts  not 
perceptible  but  in  certain  proportions. 
Expediency  of        Thcfe  anomalies  defer ve  to  be  obferved  again,  and  conn- 
furthcr  experU    pared  wiih  experiments  made  on  other  falls  which  do  not  ex- 
mcnii.  j^jj^jj  Ihem.     They  tend  to  make  us  acquainted  with  all  the 

caufes  that  produce  efHorefcence  and  deliquefcence,  fince  they 
prefent  each  phenomenon  fucceffivcly.  'J'hc  falts  which  we 
(ubmlttcd  to  their  adion,  had  certainly  an  altradion  for  water 
very  little  different  from  that  of  air  in  a  medium  ftate  of  heat 
and  humidity^  The  point  of  equilibrium  mull  be  decided  by 
the  Hate  of  tne  almofphere,  or  the  falts  wou'.d  remain  ur.- 
altered. 
Thefe  will  pro-  I  (lill  however  think  that  a  relation  cJ^iHs  between  the  me- 
babiy  <hew  that  teorolosical  variations  and  the  alterations  of  the  falla:  and  if  I 

meteoric  vana-  o    ^  ' 

tions  in  the  air  was 
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was  nol  abl«  lo  tltfcover  it,  wilJiout  dgitbt  ihit  wat  caufed  by  <i  ,_  . 
Uie  Jjuall  porliom  of  {»\U  which  I  expored  lo  the  afljon  of  It^  '»"(» 
at  mo  radicle;.  Some  cliejiiifl  more  foriunale  will  dcletm'tae  it, 
bji  operating  on  largu  mafTes,  coinpartng  expetimcnb  made  iu 
uian^  dillWcnt  rcafoiis,  and  keeping  a  rt^iflcr  of  the  eleAiical 
ilale  of  the  atmofpttere,  of  the  water  of  cryfiallizalioD  which 
llie  falls  contain,  ut'  lliclr  diviCon,  and  of  the  fui^ce  which 
Uiey  prefent  to  the  air; 

In  a  labour  which  would  require  more  than  JOOO  cxpcrj-  E«i»nfivs  n- 
SD*nti,  ibc  new  fafls  which  1  have  obferved  are  too  few,"' 
and  perhaps  too  hlile  important  Iu  engage  any  one  lo  undci- 
lakc  futh  prolonged  and  minulc  experiments  ^  but  I  have 
given  a  lable  of  ddiquefcent  falls  arranged  according  la  iheir 
altraEtion  for  water,  and  I  dare  hope,  that  ihe  nfuitt  of  it 
w  ill  not  be  altogether  ufelefs. 


iccouni  qf  the  fitiiftlc  and  fofy  Meant  by  tuhieh  the  Harbour  nf 
llye  BJOJ  njlaral,  und  miidt  navigable /or  SUpi  of  cunfiderablt 
Biff-tlim.  ,  Sjlheltev.  Daniel  Pai-b*. 


'■'  '  ''    ''  AfeiHorinl  if  llye  ffarbimr. 

JVV^  Harbour,  unce  fu  vcr>  lafe  and  convenient  for  paHiug Dcuvsd  iut  af> 
vdMs  up  or  down  the  cliannel,  lo  run  lo  in  d.lUcIs  or  in  pre-  i^^'  Jj'^'""'- 
lmIohc  weallicr,  had  buen  tor  manv  }'ear<,  and  I'lom  variout  . 

caufes,    in  a  gradual  Hale  of  deiaj',  infomuch  thai  in  the  J 

jcar*  (I  believe)  r79S  and  I7;JJ,  il  was  lliougln  ■ecellary  to  1 

fend  Caplain  .    ■    .     '.  ff«m  iheTrinitj-Houre,  to  make  a  ..       1 

furvey,  and  report  to  the  Board  it^  ll)en  llaie,  and  the  pro-  .Sutvty  ml 
bsrbtiily  of  if*  iinprovemcflt  or  redemption.    The  furr^j  was'''^'* 
mode,  I  believe,  willi  confiderable  care  and  attention;  and 
.the  i;eti]liwas,  [lial  llie  harbour  was  pronounced  loft,  ot  m'l'ti'i'Hubaur 
liich  an   irrcparablt;  dccajed  flate     th;it  It  was  an  ufelefs*"""''"*'^'' 
•r:«pt;nfe  t'~.  ihe  lliips  palTing,  tvluch  paid  tonnage  lo  it  ;  and 
thererore  ihii  lonnaKe   nat  laVei),  iifim,  K>.<&  and  given  lo 
KamTgate  Harbour,  leaving  however  a  reivrvc  in  the  bapM  of 
llic  commiHtaners  ol  60001,  , 

*  From  bij  Mmnunicaiion  to  rhe  Society  of.  An*  ■  vrhavqted 
him  the  gold  rocdaJ.    Sec  their  Tranliflions,  Vul,  XXII. 

Ths 
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/tiiaijienKai       The  confequence  of  this  wai  an  ad  vert!  rem  eht,  Inviling 
Sciv«Mn*u'°'  ""y  gentleman  10  come  fbtwatd  wiitt  plan<  ft.r  (he  iropiwe- 
ment  of  Ihe  harbour,  and  lliC  draininj;  of  tTie  upper  leVelf. 
On   tlie  day  appoinltid  lor  Ihe  prcfenlalinn  of   fucli  plana.  » 
*ery  fenllble  Idler  was  laid  before  ihv  Commiffioner*  by'lfie 
Reir.  Mr.  Jackfon,  of  Rye,  Ihough  impraflioiblc  on  many '' 
Tlie  lutiioT'j      account!!, — and  alfo  a  plan  by  myfelf,  ptopofing  (d  male  the 
Sirta°"t''iuii    P'^'^"'  *^"''  a"''  "> ''"'"  a  (Jam  of  draw  or  hay  and  faggots,    ' 
<l>»  »f  tile  old   an  reprefenled  on  tlie   charl,  for  the  fmaH  fum  of  500t  '  'On"  ' 
""**•  revetting  to  ihe  enm-JHOus /umj  lliat  had  been  aUeaiy,  frOtrt   ' 

lime  to  time,  expended  by  able  engineers  lo  no  purpose,  it  ' 
wai  judged  ai  the  moraeni  an  impoOible  attempt  i  and,  ^er  \ 
poKlely  voting  me  their  thanks,  the  Commifiioneis  teemed  la 
decline  carrying  iheit  plan  into  execuiion. — ^This  htowertr, 
did  not  falisfy  me;    and  therefore,  conlideni  of  fuccefi,  I    * 
undertook  lo  perform  what  1  had  propofed,  or  lofe  the  money, 
without  Itipulaling  for  any  fee  or  reward  fliuuld  I  fucceed.    On 
entering  upon  this  agreement,  I  fet  to  work,  and  chooling  ft  ' 
Mr.  Soulherden,  an  aflive  and  perfevedng  man,  as  roreman. 
to  afUn  me,  I  completed  the  work  in   three  months,  in  the  ' 
very  depth  of  winter,  at  the  ex  pen  fe  of  only  ISO?.  Ihougbtlie' 
Wo(k»   were   twice   filled    up    with    lea-beadi  by  the  Ude*. 
an^winipletiid    Bui,  though  this  was  done  to  the  aAonilbment  and  admiration 
"■  of  many,  yci  ihete  were  evidently  an  envious  few  moitified 

F»thcr  fcttntf*nd  difappoinied.  The  cut  and  dam  being  thus  Anilbed,  it  . 
was  then  thought  necelfary,  on  my  recommendalion,  to  fecure 
the  cut  from  reveriing  lu  iis  late  reduced  Hale,  by  a  pier-head 
on  the  eafl,  and  jutties  on  the  wed  fide  of  it[  the  execalion 
fif  which  was  committed  lo  the  eminent  Ikill  of  a  Mr,  Sulho* 
land,  who  performed  the  Irult  repofed  in  him,  lo  the  un'nrerlal  ' 
fatisfaflion  of  his  employers ;  and  I  believe  the  whole  was 
completed  for  fomething  lefs  than  SOOOi,  in  a  very  mafteily 
and  workman-like  manner.  Of  this  1  think  there  cannot  lie 
a  belter  proof  adduced)  than  that  it  Aill  Oandi  frm,  wilhoot 
the  leafl  apparent  decay,  and  maintains  its  firA  pofilion 
without  (he  fraallen  variation:  and  no  doubt  a  fry  trifling 
annual  expenfe  will  keep  il  in  in  prefent  improved  Itate,    ' 

The  advantages  derived  from  il  aie  particularly  great ;  for 
(lirps  of  2.W  ions  burden,  and  even  velfels  of  300  toot,' mn 
M  wtib  the  greatell  fafely  al  fpriiig  tides :  wJieiea*,  b«r<ire, 
thofe  of  30  Tons  could  not  come  in,  but  with  the  almoC  ^ 
ftciilly  and  danger. 


aod  Joltici. 
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Tlisl  pafi  ()f  RoDiney  Matfh  loo,  which  lies  conligunun.  Other  aJiia- 
and  WM  llircqttined  by  ewefy  bpifieiuus  tide  wilh  a  lola!  ovei-  "«"■ 
tinw,   i|  now  in  iainly,  and   the  drainage  ol  the  levels  b 
rendered  toioplete, 

1  tf«g  (eave  now  (o  t^fler  lo  yuut  alt^nlion  a  (huit  durcrip-  V»t  eaCjr  and 
lion  ol  ihe  Dam,  die  form  and  raaleri^ls  of  which  may  bej||j,'^''fj„|,, 
utcd  iviiJi  rucce^i  in    (imilar  lituationt,    whether  in  places  ft lufling  cttc 
adjacent  to  the  Tea,  or  in  genilemen's  Tilh-pondSt  or  jiveri  in*"^ 
tlic  country.  A  here  weirs  may  be  nee'ctTaryfor  ihe  pfefervation  xioMtnatv 
of  ihe  banks.     The   dam  wai  merely  fomied  of  hay,  draw,  covering  of  lu)'. 
and  fagg->Ls.  piimL-d  down  lo  a  Joii-idaliim  o( jhnd  or  fdl  by  ^  "",^'^'' 
Oiort  piles,     1  formed  it  as  in  the  chart,  of  the  fliapc  of  a  founJuion  of 
double-roofed  houfe,  iiill  pulling  down  flraw,  and  then  over  '""'•  *'• 
ii  iiazel  I'aggolii,  from'  I  ?  lo  \\  i'cel  in  length,  and  aficrwards 
{litining  down   the  whole  with  pile*.-     I  next  filled  llw  fpace  The  inutfticc 
between  (he  Iwo  roofs  with  gravel  or  fea-beach,  and  'tt^ured  ™^|''^^"'*'' 
this  alfo  will)  faggots  pinned  down  upon  it,  ovtr  whieh  re- cav^nd  with 
littante   being   precluded  from   i»   peculiar   form,  the  influn  ^^  f«'"«'l 
and  reflux  of  lh<;   tides  glided  lo  gently,  that  eunfequcotly 
every  prr>bab''i'yi  not  to  fay  polTibiltiy,  was  annihilated  of  it* 
beiitg  ever  undermined  ux  blown  up. 

It  was  alio  necefTary  thai  Ihis  dam  (liould  bi-   pul  down  in  Drffimlty  tbit 
t^ne  tide,  and  ihai  itic  niojih  .>1*  the  cut  fliould  1*  opent^irin  'Ij"'^  ™'','i^ 
Ihe  fame  lime;  for  it  wa^  uviJeiit  lo  me,  ihat  it  wai  iiniii'lEibieand  the  dcwci»« 
fvei  to  eut  lo  fe^  in  an;  olher  way.      F.ir  unkfv  ihe  dam  liad  ^'!"'.'°  ""• 
been  reaiiy  lo  turn  the  walrr  through  the  cut  asfoon  asopeiied,  ^ 
an((  idt  cui,  mi  the  olher  hand,  ready  lo  receive  the  curri-iil 
the  moment  Ihe  dam  began  lo  a£1,  tile  whole  work  mull  have 
been  enlircly  and   unavoidably  dcflrojed   by   Ihc   inltux  und' 
/elluK  'if  the  eiduiiig  lidi:.      All  this  1  titaity  furefaw  :  and  by 
procuring  a   fulljcient  number  of  men,   iieailv  liiree  hundreid,\ 
the  buliiivfs  Will  compltlely  rnii/)ied,  jufl  a-  the  lidu  Kiucheil' 
the  loot  of  the  dam;  and  when  it  wa?  lull  fca,  the  (Iraw'or  ' 
cpurfv  acted  a>  a  rt^cciver  and  retainer  tothe^ft  brought  In  b^'^..^^^.^^"^ 
ihe  tide;   which    being  r<.- pea  ted  by  each   returning  tide,   tlie  nluU. 
dam  foon  became  enlireU  fiM-d,  beyond   a  puflibrlit)  of  ever 
being  ilL-ftroji-d  ;  and  it  is  now  fo  ciilirt'ly  covered,   that  if  the 
pier  ii  kept  ill  repair,  ilie  tiain  iiiuft  ever  n-niuin  uiiimpaited" 
by  time,  atld  proof  againfi  ilie  moll  I'ioK-nl  flood*  ut'  walcrt.  ;  '^^'i  .'„ 

For  tliit  work,  the   Uoinmlllioneis  voted   me  fil'ly'  gtilneai  Tb*  M|m^  . 
fb^flf  wbich  1  gave  to  my  adillani)  and  al  1  edged  thai ,  lui  ™',Sjif^ 
sccoiinL 


attending  the     account  of  the  lofs  of  (he  tonntge,  and  the  poverty  of  the 
works:  5cl. '.    fynj^  ^^y  ^^^^  {^^^jy  jj  ^ai  „^  ittOfe.    This-  ittwibi  tinder 

thefc  circumfianccsy  waB  a  lufficieiit  apology,  arxd  I  wat  ciM- 
(cnt,  I  now  Oder  it  to  the  cojifidcration  of  the  Societyof 
Arts»  as  a  body  in  Tome  degree  ipterefied  in  the  prbfperily  of 
this  kingdom.  Should  they  deem  what  I  have  already  re** 
ceived  an  adequate  compenfation  for  fuch  a  work,  and  fuch 
an  undertaking,  at  fo  inclement  a  feafbn,  I  am  Hili  contents 
But  if  they  iliould  think  proper  to  grant  me  an  additional 
remuneration,  it  will  be  received  with  peculiar  fatisfadlion, 
and  conddered  as  a  very  great  honour  by,  - 

Sir, 

Your  obedient  and  humble  Servant, 

To  Charles  Taylor,  Efq.  DANIEL  PAPE.    ; 

•, Cambridge 9  Trimijf  Halit 
April  2,  1S03. 

Eeference  to  the  Engrariitg  rf  the  Rev.  Mr,  pAPE's/wiprot^i" 
meiu  of  Bye  Ilaritour,  Flute  XIII.  Fig.  1. 

A  A.  The  double  roof,  filled  with  draw. 
BBB.  Hazel  faggots,  12  to  1 4  feet  long. 
C  The  fpace  betwixt  the  roofs  filled  with  gravel  or  fca* 
btach. 

D.  The  faggots  which  covered  the  gravel  fo  laid. 

E.  Piles  of  wood  driven  thrgugh  the  faggots  and  draw  into 
earth,  at  the  bottom  of  the  river,  the  heads  of  which  piles 
arc  united  by  crofs  pieces  of  wood. 

F.  The  folid  bed  oF  the  river. 

G.  The  river  at  low  water. 
H.  The  high. water  mark. 

I.  The  upper  fide  of  the  dam,  which  oppofes  the  currept 
of  the  river. 

K.  The  lower  fide  of  the  dam,  which  tcix^^  the  comjng-in 
of  the  tide. 

Fi}f,  2.  L.  Shows  the  place  where  the  dam  was  placed. 

M.  The  old  courfe  of  the  river  reprefented  by  dotted  lines, 
and  which  is  now  filled  up  with  gravel  by  the  tide. 

N.  The  new  canal,  cut  by  Mr.  Pape's  diredions,  and 
which  is  now  the  regular  channel  for  (hipping.   . 

O.  Tb# 
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•^  tni0pi^bH^;dn*t<iieeii(V(i<le6f  Mr.  Palme's  cut.       ^' 

^yft %ie*l«rojuuifeic,  on  ihe  wt?ft  fid^  of  Afr.  Pap«*ji  ctit.   • 

vR'Ri  ^Tlie  forgner  cana^  cut  umiler  the  direAibn  of  Mr.  ' 

^meotoA'^^lMid  other  able  en^rineorft;  but  which  failed,  and  it ' 

lince  bloL-kud  ip  by  a  bank  made  acrofs  it,  ot'erwliichthe 

prefent  high  road  4ietweMi  Rye  ami  Winchelfea  paffet.    •        ' 


>*•• 
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2i€V)  Experiments  on  the  Eejpiration  nf  Aimojpheric  J/r,  /^rm-  ■ 
cipally  with  rtgard  to  the  Ahjhrption  of  Azote,  and  on  the 
liejpiration^qf  the  Gafcous  -Ojfide  of  Azote.  ^  By  Fmfejjbr 
Vfatf,  of  KUl*. 

1.  He  great  dlfcoveries  in  pneumatic  chemiliryt  the  ingeniqu^t  Sho^biftorjof 
and  ulcl'ul  applications  of.   theCe  dilcovcrie*  to  explain  ^^^'r      ^     ^jj. 
phenomena  of   organized    beings,     particularly    the  animal  cerning  nfy'uaim 
econpu\yj  and  iIk:  valuabie  refearches  of  emmeot  philofophers^^^^* 
liave  greatly  contribuled  to  throw  light  on  the  doctrine  oF  the 
cheukical  eOccU  ot    refpiration.      In  confcquencc  of   thefe^ 
r.elcarches,  phi(io!o|ri{ls  are  in  general  agreed  with  regard  to 
the  molt  eHcntial  points  of  thi$.  doclrino;  fuch  as  tbu  produc- 
tion of  caibonic  acid,  the  ufe  of  oxigen  gas,  and  the  animal 
beat  which  refults  from  its  ablorplion.     But  the  activity  of 
philofophical  ^n(]uirer&  luts  not  yet  fucceeded  in  removing  all 
ti>e  obfcurities  of  this  fuhje^,  and  the  difagreement  l>etweeu 
the  rerult!i  of  various  experiments  relating  to  them«  lutBcitjntly 
iliew,  that  new  enquiries  are  reqi^ifitc  to  afcertain  the  fourcca 
of  fuch  errors  as  ftill  continue,  and  to  remove  them  altogether. 
The  experiments  of  the  celebrated  Davy  ha,yc  done  much  P'^X  ^ 
in  this  refpocl,  and  the  relicarches  on  the  nitrous  oxide  a^rd 
a  new  epociia  in  the  chemical  doctrine  of  refpiration.     The 
celebrated  editors  of  the   Bibli^theqae  .Briltatinjque,   have 
ihewn  their  conviflion  of  the  great  value  of  thefe  refearchcs, 
by  the  ample  and  in(lru6tivc  extra£l  they  have  give?:,  and  (he 
manner  in  which  Berthollet  in  the  l^^th  volume  of  ti:e  Annulea 
He  Chtmie  has  given  an  account  of' the  fame,  has  lail'iciently 
fixed  the  attention  of  pbilofophcrs  on  that  excellent  work*  - 


*  This  memoir  was  ^ddtbfled*  to'  the  French  National  Inftifute^ 
and  read  at  then:  fitting  of  the  25th  of  MefCdor  M  (July  13.)    ' 

The 
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The  diffcranoM  which  viu&ed  in  ihe  leltlu  of  fornw  e»* 
pefHoenUi  an  lo  lL«  quantily  of  cvibonic  acid  pioduced  a 
the  aft  of  refpiraliun  wet e  leis  imponant,  and  might  entirely 
depend  on  ihe  conUitulion  of  the  dilFeieiit  indjvidmli  opoa 
whom  tite  expefimeoU  were  made;  and  und«  thit  point  of  < 
view,  a  tevJGon  «f  the  eiperlincnlt  wu  Le&  ntcd&ij^ 
But  the  part  wliicb  h  performed  by  Bzole  gas  io  ibe  ad  of 
refpifBtion  hai  been  too  little  attended  to.  It  hu  fae«a 
generally  fuppofed  to  be  aliogelher  wilhoul  aflicity.  Goodwin 
alone  thought  be  had  obferved  a  confiderable  abfbrplion  of 
azote  gas ;  but  hit  eicperimenti  were  not  nude  wilb  ail  tbtt,, 
neceflaty  accuracy,  and  were  too  direftly  oppofiie  to  ibe 
experiments  of  Lavoitier,  Seguin,  Aberoelhy,  Folhergilt, 
Aiote  nKciratj  Meuzies,  &r.  lo  hx  ihe  allmiion.  The  experimeiiU  on  ihl^, 
cambuOion  of  ""**  combuftion  of  phofphorus,  whidi  does  not  fuocced 
pbnCfhonu.'  pufe  atigen  gas,  but  ii  fo  greatly  forwarded  by  ibe  ptdenc* 
of  (be  asole  ga^  of  BlmoTpheric  air,  Diew  lo  a  certain  degiM' 
the  advantages  which  this  great  quantity  of  azote  gsiis  hkelf, 
to  produce  in  refpiralion  ;  and  tlie  unforlDnately  too  conciCt' 
refulls  of  the  laR  experimeoli  oF  [he  immortal  LavoilierM 
rcfpiralion,  in  which  it  »as  fouud,  that  a  much  gteatif. 
mab  of  oxigen  gat  is  decompufcd  in  ibe  fanie  lirae  b^ret 
pinlion  in  aLmolpherJc  air  than  in  OKigca  gas,  Hand  in 
firmation  of  Ihe  lotnier  faS.  Bui  bilhcilo  we  have  pudellisA) 
only  probabiliiies,  or  refulli  not  fuSiciently  comieclcd  witb  ihtf^ 
fubjed.  To  Davy  it  is  that  we  are  indebted  for  an  nif^ 
and  inconleltible  knowledge  of  the  active  part  which 
ga«  purforoi)  in  the  procelt  of  refpiialion.  But  in  pTopoctiMj 
Id  the  novelly  and  intercDing  nature  of  ihefc  refulls  do  lba^> 
require  lo  be  Confirmed  by  the  eKperiments  of  Dihera ;  aMl 
it  was  in  this  point  of  view  Ihal  I  undeilook  laH  winter  ^ 
fefies  of  «xperinieuli  upon  refpiialion  in  attnafpheiic  aifj 
and  alfo  in  Ihe  gsfcous  oxide  of  azole  ^  liie  priocipBlferutll 
of  which  1  now  venture  lo  countuniiale  lo  ibe.Nfliflal 
InllitHie,  .     ■      ^ 

Eiperimenti  on  the  Itejpiraiion  nf  Jtmo/pherie  JHe,'  md 
Oxigm  Giu. 

r  All  Ihe  following  experiments  wer»  made  in  Uie  K^etBiq| 
laboratory  of  ihe  Univeiiiiy  of  Kiel,  which  is  provided  wKi 
aA'the  ac^Dntd^pfarilBi  of  do^erd'cbtiuifiiyv'  tlvqifM 

OM 


r  itiiri&ATioN. 


for  Ae'mtrfl  part  in  (he  pr«rence  of  my  pvpillt  ifh^AitT 
■  liculail)'  one  named  Dierka,  who  wa»  mofl  cwmoonly  tbv  ftlP*'"? 
p     jefl  of  expcrimcnl.  '■  '  '■' 

in  order  to  determine  with  precifion  the  changes  whi 
almorpheric  sir  undergoet  by  reipTralioii,  and  to  decide  ra- 
fpefling  ihe  abforption  ol'  azole  gas,  we  niuft  bi'gin  with  ■ 
«rcertaining  tile  diminnlion  which  ■  given  volume  of  aif 
underg'K?  by  refpiialion.  Thi)  firfi  point  was  to  be  determin- 
ed by  accurate  expetimenti. 

1.  The  quanlily  of  I70  duodecimal  cubic  inches  «f  Paris *<lj>nt!r]r  of 
v»ere  refpirrd  from  fjTieol  Ihe  great  refcrvoirs  ol  a  galometer.  ^™""^(i^ 
confltuded  j|  Paris  after  the  modvl  ol'  itiat  of  Cttarlesi  over  *lf  Uy  the 
water  «»-eied    with   oil,    lo  prevent   Ihe   abforption  «    'hel^^^** 
c&fbonic-  acid  Ras  produced  by  re(^ir.itJon.     The  rerpirolkm 

«ra5  perfumed  oncp  only  during  the  lima  of  Irn  ^r  twelve 
fecond*.  The  diminuiimi  was  4,72  cobic  inclic,  or  y^  part 
of  Ihe  flrft  volume,  Thi*  experiment  being  repealed  twenty 
lioiei  hi  itie  lame  manner,  affordt-d  |he  fame  refull. 

2.  !4i  Cubic  inches  were  refpired  oni*  in  the  fpjce  <rf 
ten  or  twelve  lecondi.  The  dimimition  was  luur  cubic  inchci 
or  -^f  part  of  the  prirnnive  volume. 

3.  The  fame  volume  was  refpired  twice  daring  S2leconcf«, 
and  The  dtminutioa  amcunied  ro  ei)!ht  cubic  indien,  or  -y^ 
part  ofthe  primitive  votume.  The  lame  voIuttc  having  been 
refpired  three  timet  during  SO  legend*,  the  liinimuiion  amount- 
ed to  n  cubic  inches,  or  -f^  part  of  the  primiin  e  vohime. 

14.  €0  Cubic  inches  were  refpired  three  tiniet  during  '25 
fecond^,  the  diminution  was  Us  cubic  inchei,  or  -f^  t-i  the 
.       primitive  volume, 

I  5.   170  Cubic  inches  were  refpired  four  times  durmg  one 

I       tninutt,  and  liie  dimimiiion  amounted  to  20  cubic  iuches. 

'  This  experiment  was  feveral  limes  repealed,  and  the  dim** 

nution  W31  alnioll  conftanlly   the  fame.     Namely,    13,  19, 

SI.  and  ^  cubic indiec,  or  ^. 

6.  168  Cubic  inches  relpired  during  SO  feconds,  by  Uiut 
gre&t  and  fitur  (niatl  refpirations,  fufieted  n  dimiDUtion  of  li, 
or  f'^  of  liic  piimilivv  volume. 

7.  430  Cubic  inches  by  12  refpirations  in  90  fecundt, 
fullered  c  diminutton  of  24,  or  ^  part. 

*  Ai  theft  qaamilitl  in  msMj  ttlaiive,  I  have  cot  reduced 
Ihtsx.    T. 

Theic 
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Thcfe  rcfults  agree  very  well^vTiilli  thi^i  oMMa^-  bj  Davy 
otiihtisbixitmHioti  ei'  i^ir  l^y .r^pira^i^o...  ^^c  fow4  ik^  dfmiflBp 
tion  by  one  ftngle  'nifpiratton  to  be  ^  parL,,ai^.1py».xpfpiratioD 
cantinued  for. One  minulf^^  part.   .       ..  ^     -yr 

The  magnilu^e^of.  the  duninulioa  dqaefuis  not  Ctt4y-  OQ  ^^ 
time  during  which  a  given  volume  vf  air  la  rcfpiredj  but 
principally  on  tlie  magnitude  oi  Miis  volua^e  itfelf  ;■  i^t  muft 
be  proportionally  leik  the  greater  the  .quanlUy  of  air  infivrcd. 
A  very  eireiuial  arror  is  fecn  in  tlie  re(iills  of  Aberoetbyj  who 
gives  a  greater  volume  to  the  expired  ihan  lo.the  infpired 
.  air;   and  the  calculations  of  Goodwin  are   foundod.op  a 
zniftakon  bails ;  for  befuppoTes  tlie  two  volumes  equal*  ■ 
Diminution  of     ^  j|,  order  to  determine   comparatively  the  diminotioo  of 
iiiiirauon.        oxigen  gas  by  relpiration^  J  70  cubic  inehtt  4ii  oq^geik^ 
obtained  from  manganefe  were  refpired  iatbe  |(ame  iMiinar» 
and  under  the  fame  circumftances  as  the  170  cubic  inches 
of  atmolplieric  air  in  the  5th  pvagni[)b*  .  Ti)e  diminutioa 
amounted  to  SO  cubic  inches^  and  in  olber  experiaeBts,  to 
33,  29f  3].     The  mean  term  of  which  is  -^pact^^of  the 
primitive  volume*         .....  .-..«?-.! 

This  diminution  being  eflablifbed  with  accoracy,  IQ^y.^ 
applied  to  dclermine  the  abforption  of  aaotegas* .       /  - 
i:Tfw.r',mrnts  to       8.   SO  Cubic  inches  were  refpired  one  time  (lowly  daring 
ctcmmchow   ^^^  ^^   j^  feconds,  and  the  air  expired  was  received  over 

p  uch  atotc  IS  * 

abiorheJ  in  the    mercUry. 

rtoctfsc.frcf-  jijc  relative  quantily  of  the  conftituent  parts  of^tbis  rcf- 
pired  air  was  in  the  centenary  4,16  carbonic  acid,  t  16,35 
oxigen  gas  obferved  by  the  (low  cpmbufiion  of  phofpboros» 
19, 1 1>  of  azote  gas.  An  eudiometric  experiipent  made  at  the 
fame  time,  gave  the  following  proportion  of  the  parts  in 
atmofpheric  air,  one  carbonic  acid,  21  oxigen  gas,  ^nd  7& 
azote.  The  total  diminution  of  the  air  was  from,  the  pre- 
ceding cxperimenis  y^.  We  may  therefore  find  Uie  true 
quantity  of  azote  gas  by  the  foUowhig  4>roportion»  S6  }  33:: 
79,19  :  7t),99.  If  we  lubtraa  this  76,99  from  78,  the  pri- 
mitive quantity  of  azote  in  the  atmofpheric  air  before  re^ 
piralion,  wc  find  a  lofs  of  1,01  on  tbe  hundred  parts  of  the 
whole  mats  of  air  breathed.  But  as  the  quantity  of  air  in- 
fpired was  really  no  more  than  80  cuebic  inches,  ihe  ^bfolute 
dir?  nation  or  dil'appearance  of  azote  gas  by  one  rcfpiration^ 

mull 
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lAvLd  be  diminiflied  in  the  fame  proportion  of  100  to  S6,  and 
thu«  proves  a,SOS -cubic  inchte.  '  »        •      » 

9.  In  another  experiment  60  cubtc  indies  were  vefpircd 
once  in  the  lime  of  10  or  1^  fecondff  and  the  laft:  per  lion  of 
(he  expired  air  was  received  over  merenry.  Thie' proportion 
of  the  conftitoent  parts  after  refpiration,  were  m  the  centenary 
4,6S  carbonic  acid  gas  17,68  oxigcfki  gas,  and  77f74asole 
gas.  An  eudiornelrtc  experiment  made  at  the  fame  time  on 
(he  almofpheric  air,  gave  I  carbonic  acid,  22  oxigen  gas, 
and  77  azote  gas.  The  true  quantity  of  asote  gas  found  as 
before,   by  diminilhing  (he  77,74  -j^y,  isy  ?5,58.     And  this 

-being  fubtradtsd  fmm  77,  the  quantity  of  axote  gas  previous  . 
to  the  rcfpiratiun  leaves  1 ,42  for  (ho  azote  which  difappeared, 
fuppoiing  the  refpired  air  to  be  divided  in(o  1 00  parts,    fiat 
-if  we  take  the  real  number  in  inches;  which  was  (iO»  this 
quantity  will  be  exprefled  by  0,8.52  cubic  inches. 

10.  30  Cubic  inches  were  refpired  in  the  fame  manner 
three  tithes  during  16  feiconds*  Tiie  expired  air  contained  in 
the  centenary  5  carbonic  acid  gas,  11>,^  oxigen  gas«  and 
M,3  azo(e  gas.  The  atmofpheric  air  con(ained  by  experi- 
ment at  the  fame  time,  1  carbonic  acid  gas,  2b^f75  oxigen  gas^ 
and  80,O25  azote  gas.  This  by  (lie  lame  procefs  of  coaspota- 
tion  gives  a  diminution  of  4>,23j   in  the  100,  or  in  cubic 

'  inches  1,2705.  w  .^ 

Thefe  experimen(8  which  were  feveral  times  repeated/  and  RaMrktYfr  •'- 
condandy  with  (he  fame  refult,  decilively  (hew  that  ajKite^^!^. 
gas  is  abforbed  in  the  aA  of  refpiration,  and  the  aclive  part  it 
performs.  Hence  we  may  more  eaGJy  underiland,  why  azote 
^as  compared  with  other  mephitic  gafes  is  fo  little  noxioas  to 
our  lungs;  fo  that  according  to  the  experiments  ot  Lavoiiier 
and  Seguin,  animals-  live  very  well  in  a  mix(ure  of  i^  pans 
azote  gas,  and  one  part  oxigen  gas  ;  whereas  the  fame  animais 
were  fuddenly  futlbcatcd  in  amix(ure  of  10  parlftOxi^caga<<, 
4.5  azo(e  ga«,  and  15  carbonic  acid  .gas.  Hence  we  paay 
comprehend,  at  leall  to  a  certain  extcn(,  theex(raordiiDary  e<?a£l.« 
of  the  gafeous  oxide  of  azote ;  wc  may  iurni  fome  notioi^  o\ 
the  transformation  of  the  chyle,  which  is  lefs  anamalized  or 

'szotized  itk  thtf  Iy4fn)>halic  part  of  the  blood,  but  becomes 
jnorelo  in  (l>ead  of  rel{iira(ion.  But  •the  quantity  U'  axotc 
gas  abferbed  by  one  fiogle  refpiration  is  not  very  coniiderable,  ' 

'•     •  which 
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which  ugtett  pericflty  wilh  ibe  expetinend  of  Dtrj,  w! 

foun'!  iti3t  no  mole  llian  3.1  cuLio  iRCbM  of  tZDie  gM 

■Ubibed  by  19  refpiratioH!  i>l  a  voluracof  151  cubic  inches 

><■  1 1 .  To  determine  the  quantily  ot  carbooic  asid  g^^  pro- 

^f      duced  by  the  rcfpiralion  ol  atmofphtcte  air,  60  cubic  inchn 

oA      were  refpired  oncte  during len or  Ivielve  fecfindi,  and  received 

■"       otwr  mercury  when  expired.     Lime  water  abforbed  4^6  p>ni 

in   100.      Thii    exiKitment  beinf;    leTursI    limea    re[>«1ed 

^'->gave  ihe  fame  reAilt-     Tlie  loll  porlion  of  expired  air  beiif 

sjifeveral  limes  IraiiiEerred  l<i rough  linto  wftket  was dinHoilberi 

t>,..-Wpansin  100, 

pui  I  12.  20  Cubic  incbet  refprred  three  fucceOtve  limea  darii| 
tJb'lOfecond*  afforded  no  mote  Ihan  iwit  Imadredtbi  of  aubealt 
ai-  M^d  gat. 

ai .  13.  no  Cubic  mclies  were  rerpired  fo\ir  liraM  duiia|^ 
^•J  M  feciMidi,  llie  quanttly  ot  carbonic  aciJ  gai  obtained  iw 
V  <:9,e  hundredilis. 

.11'.     U.  170  Cubic  inches  were  rerpired  frora  a  blatUerei^ 
rtMtinci  in  one  minute.     Lime  u-aler  abforbed  ».'2  hundiedilMi 
m,  '    This  quantity  of  carbonic  acid   produced  by  refpinjitft 
'■   ;  -.VlaTded  a  tetm  of  comparilbn  lo  afcertain  ibe  quantity  of  ttf 
dcctmpofiuoo  of  osigcn  );as  in  rcl'piralioa  fram  Ihc 
qasntiliei  of  almofphertc  nir,  and  of  pure  oxigen  ga*. 
[u  The  preceding  experiment*  (7)  liad  Ibewn  thtti  Ibe 

"^  tien  of  oxigen  gas  was  more  cunliderable  tlian  ibst  of  atiMC| 
Ta^  fAeric  air.  From  this  ^a  it  miglil  be  evpeaed,  thai  W 
■Mt  pToduAlon  of  carbonic  acid  ga*  would  likewirc  favatoreeaH 
,- 1  -  fiderabie ;  and  this  was  confirmed  by  diredi  experiotcnM.  I 
.^..  15.  noCubic  indtei  cf  oxigen  gat  obtained  from  naiJ 
1  ^nele,  were  rcfpired  four  time*  during  50  fecondi;  l4 
~>  f  diniiruitioa  was  SO  cubic  inches.  The  qiianiily  of  carbonfe 
tlinacid  produced  was  S,2  hundredibs.  Almotpberic  air  refpircil 
M.:>  in  tfae  lane  manner,  and  undLr  the  Cune  circumttancci,  gjvc 
only  5,8  carbonic  acid. 

16.  70  Cubic  inches  refpired  from  a  bladder  duriafJK 
fecondi,  alfo  gave  eight  hundredtb«  of  carbonic  scid.         f 

Eipaiv.em  on  llie  Bejjiiratiun  qf  lla  Gqfioui  OiitU  ^  C*r**. 
The  gafeous  oxide  of  azote  was  obtained  by  the  proceb  cf 
'  °*  Davy  from  cryflallized  nitrate  of  ammonia.  This  oilraie  of 
ideof  amtuonia   affoids  very  different  produfts  in   different  tciD- 

pcfatute*, 
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peratum.  I  have  mkde  a  contidereble  ferles  nf  expefimentt 
on  this  fubjefi,  which  I  Ihall  Hiortly  rubmic  eo  the  National 
Inftilatc.  I  (hall  only  remark  in  ihis  plaM,  that  the  osigenit- 
«u  muriatic  acid  ii  obtained  at  the  commenceiBent,    if  ihc  '"^ 

tiitralc  of  ammonia  be  not  entirety  free  from  marialrc  acid;  .[''^ 

■that  at  a  temperature  iiot  exceeding    V20  degrees  of  th«  ''>*  * 

•centigrade  Ihennoraeter,  the  ^f>20U«  oxide  of  azole  is  obtain-       ,    .^'^ 
cd  in  great  quantity,  and  rery  pore,  without  any  mixture  of 
thole  wliiw  Tapoun  which  have  the  tafle  of  muflard ;  but 
-that  a  (emperature  ftilt  iiigher,  efpeciatly  at  a  red  hear,  the 
gafeous  oxide  of  ai-jlc  is  no   longer  dilengaged  but  nitrous 
gu  is  lofmed,  and  very  peculiar  white  vapouri  whidi  I  am 
■t  prel^-nt  «xaminihj^.     To  prevent  any  enploJion,  1  always 
mix  the  nitrate  of  ammonia  with  very  pure  fand.     To  obtain 
the  gafeous  oxide  of  aeute  in  a  very  pare  Itale,  the  diRillation 
-tnnft  be  made  on  a  land  bath,  and  the  fire  carefully  managed. 
When  every  thing  fucceedi  properly,  the  gas  tt  fo  purei  that 
it  nay  be  refpircd  immedialely;    it  has  an  agreeable  tafle, 
■Imaf)  facchai  vinou).    If  it  be  mixed  with  the  while  vaponft 
■produoed  by  too  flronj^  a  heal,  lime   mud  be  allowed  for 
them  lo  be  depofited.    TheetTeAi  which  Davy  has  obft#ved,  D»»T'»"f*''- 
.'BndFifiet  hu  delcribed' with  fo  much  inlereft  in  his  fwond  p„jyji^^ 
letter  in   the   17lh   Volume   of   the  Bibliatlcqua  finVami^, auiiucbor, 
were  perf«£ttycoiitirmed  in  my  experiments.     Several  per  font  . .  :- 

who  rvfpirod   this  gai    were  evalled  abrolulely  in   the  fame  '^ 

naaner.     One  of  thofe  who  refpired  it  was  very  fpeedily  itk*  ,:n 

toxicated,  and  pot  into  a  very  extraordinary  and  mof)  agree*  '■* 

kUe  extacy.  Others  refilled  fomcviihat  longer;  one  only 
foemediobc  fcaroely  at  all  afle^ed.  The  exaltation  always 
pafled  over  without  leaving  any  perceptible  relaKation,  £ 
Atil  oontiiiDC  thefe  experiment).  Perhaps  this  gu  may  be- 
a  powerful  remedy  for  melancholy  sSieflioni.  I  (iiall 
pot  hi  to  communicate  the  jefulii  of  my  expetimeDls  id  ilis 
NMional  infiiiiiie, 
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O^Q  CUM    ARABIC    AND    CUM    ADRACANTV* 

■        .  •  ■  .  ■    T  :     ■      ■     . 

....  •      .. » .        \  I*  >i    I       « :     ■    •     •       ,   . 

r,TperifnerUs  mi  Ckfli  ^raMc  ana  Gum.  AdgacoMUiu. 

*    *  '  '^  -.iw       »      ,-    ,>.       I    .    .:     .•-.•  I  .  -^     •-     •     . 

ZlV  j/.YAUQtJKLIN,*,       .         ,i 

Ked  gutn  ^\tu  •  JL  EN  ^ms  of'  red  gartr  adnicanth  protfiMd  Mrcdhibiiftion 

cn^'bufti!,^^5i  ^•''«*  ^♦^pa'n*  a»w!  a  l»IF  bf  white  ifhtt;  ^fe  lilies 
ftun^rtJthi  diflbli^d  m  muriatic  iind'vrith  effetirtfccMfe,^ atid''g«ve  forth 
^^»^^y  "^«on  odbor  xjf  fulpfjuraicsd  hidrogen.*  Thc?rfolii«ibn  deptolitcd 
J&ttreiren  ind    a  precipitate  hj  ammonia,  which  #«>  tihofphate-oTlTiaerAnd 


Bhofphate  of     oxide  of  4roti.    The  osable  of  arnmohia  plecipitaled  from  it 

-much  lime.    Thus  red  pfiim  adracanfh  contains  in  106  pMs 

about  3 1  of  aflrefi.  whtch  was  compofed  for  the  moft*part  of 

'carbonale  of  Jimc,  a  fmall  quantity  of  iron,  of  phofpluite  of 

'lime,  and  perhaps  nf  a  very  minute  portiim  of  alkaR. 

White  gum  -•  ^^"  grains  of  white  gum  adracanth  fabmitted  to'  the 

adracanch  left  •  fame  proofs,  gavc  three  dectgramii  of  aihe^,  which  werr  con- 

;;j£f^%^^f„.  pofcd  of  the  tame  principles  as  the  red  kind,  wilfi  thead. 

«d  the  fame        dilion  of  a  little  potafli. 

alkali.**^'  ^""^  ^'  **'^"  K'***"* "*  KO*"  ^^^^'^  bttiTit  as  flie«ther».  left  three 
Gum  arable  left  decigrams  of  aflies,  which  wericf  compofed  of-'  the  fame 
3cwitaimns  no  elements  as  the  preceding,  except  that  they  gave  Klo  fign  of 

the  prefcnce  of  ttlkalt  or  of  fulphur.  •   •'*'     • 

Opacity  and  ^  formerly  thought  that  the  opacity  of  gum^aSra^nth;  and 

difficult loiu-  the  difficulty  of  its  foliilioii  in  ivater,  might  beoccafioned  by 
idracMtb.**      **  greater  proportion  of  earihy  matter;   Iwt  atlef  thefe  ex- 

<»  periments  it  appear^;  that  they  are  dueto  another  caufe.  • 

The  time  in  "The  lime  which  I  found  in  the  gumv-  Which  I-am-aboikf  to 

gums  is  cr>ni-     iffention,  %va!i  doDbtFcfti  ncithertn  the  ftMa  of  carbonatei'  and 

Snl'l^  "'***  ^'f'"  lcf<  in  that  of  (juicklinie;  for  the  folutions  of  the  gam 

tolabkfalt.      -were  not  in   the  lenTt  alkaline,  hut  on  the  contrary,  lligbLly 

acid;  at  lea  ft  #bif  i0f  the  gum  rubbed  cm  fome  pflpcrirell 

moiftened  (with  blue  •  vegetable  juice)  mari«  it  leviftbly  Ted. 

It  is  alfo  certain,  that  oxalate  of  ammonia  and  carbonale  of 

potafh  occ^afion  precipitates  in  the  folutien  of  gum  arabic,-  and 

that  acelitc  %){'  I«tad  does  not  form  anv.     Itfnllow*  from  this, 

that  the  finie  i<  moft  probably  united  to  (one  actd  in  the 

gums,    which   doubllcf'^  is  a  vegetable  acid;    lor  in -being 

decern potvd  lii^y  leave  tliotr  bafei  combined  with  carbdftic 

*  Annales  tic  Chimlc,  Toas.  34| 
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st'id  I  but  can  be  neither  (he  oicalic,  the  lirtmnnii,  OT  tli9 
ciltic,  becanfe  itieif  combinalioni  arr  mfbluble  in  water, 
and  that  befide*  they  exift  bat  in  a  fmall  mmber  of  vcf^ 
tablet;  flill  left  can  ll  be  the  benzoic,  llie  galtic,  the  rMror* 
ilic,  QT  the  k»n^ic,  whicli  are  very  rarely  found  in  nalnratly, 
and  of  which  the  lliree  lad  alfu  form  iiifaluble  compound  n. 

There  only  reni^ni  lo  decide  between  liic  aoetmis  and  the  The  Mid  latiA 
nulic  actdi,  which  are  tJie  moll  abundant  in  ibe  vegetable  ^^||"^ 
kingdom.     The  lUd  forra^,  ai  i>  wdl  known,  foluble  com- buUc. 
binatinni  with  all  (he  rubdatices  with  which  Ihey  ate  capable 
of  union;  fomc  of  dicm  are  even  deliquefcenl.     It  is  belidej 
the  mod  frtiqiieat  refiilt  of  the  operation*  of  nature  in  the 
vegetable  anJ  animal  fyAeins,  Jince  it  is  fornicd  by  vegetation, 
by  fermcnlation,  the  aflion  of  ibe  more  powerful  acids,  and 
by  lbs  infliieiice  of  heal. 

The  cominnations  of  the  fecond  are  for  the  noR  part  in-  Bm  tbe  nde-- 
folubis  ill  water ;  that  which  it  forms  with  lime  particularly, 
»  not  fenlibly  folubic,  but  when  there  h  an  eurefs  of  acid  ; . 
aod  iti  exigence  in  nature  is  by  no  means  fo  frequent  ai  thai 
of  the  acetous  acid ;  and  a«  the  lime  which   is  found  in  the 
tranfpareiit  gums  has  b^en  inconleflibly  dilfolved  in  the  jutcoi 
of  tlie  vegetable*  which  produce  tliefe  fubftances,  it  is  nincb'"^"!"'*^** 
more  probable,   that  this  earth  is  in  Ihem  combined  with  ^hflyttawtti 
acetoui  acid  than  tvith  any  other. 

It  id  alio  probable,  that  the  fmalt  qaantlly  of  polalh  which  ThepetiA  la 
I  found  in  Uie  o(he»  of  the  burnt  gums,  i*  united  to  the  fame  f"'^^.'*" 
•cid,  which  explains  why  lhi.-fe  lubdancei  are  fo  fenfiUe  to 
hilir.idiiy,  and  fofteo  fo  much  as  to  prevent  their  pnlveriz^- 
lico. 

1  am,  however,  much  inclined    lo  think,  that  in  certain  S< 
opaque  adracanth  gums,  which  arc  of  difficult  folution,  and  „ 
^>eM  such  lime  on  incinerate,  this  cailb  is  combined  with  ii> 
malic  acid.     I  have  had  occa^un  lately  lo  examine  a  gum 
gallit-red  by  M.  PalilTol  Bauvois,  froB  the  cochineal  nopal, 
which   was  opaque,    fwelled  with    wa4«r,    did  not  drlTolvv 
unifoiiitly,  and  which  yielded  eight  per  cent,  of  lime.     And 
ai  tbe  fap  of  every  cactus  which  1  have  analyzed,  yieldeil 
More  or  lel«  acidulous  ntalate  of  lime,  there  is  great  roafon  to 
beJievi^,  tiiat  the  fpecics  of  il  which  nourilbcs  the  cochineal 
contains  it  liketvifc :  and.  that  it  i«  the  prefeoQa  of  this  fait 
.proceeding  from  the  vegetable,  and  diflTulvcd  in  the  Tap  along 
..£11.— DeckMBSK,  13QJ.  S  t*M 
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CeMi  leMtM  iHth  the  gan,  which  cmufet  iu  opacity,  and  obftriick  ill 
folution  in  water.  It  lefults  at  lead  ffoni  thefe  experiments, 
that  the  gums  contain,  fir  ft  a  calcareous  fait,  mofi  coaimonly 
the  acetate  of  lime;  fecondly,  loinettmes  ft  melate  of  line 
with  an  excefs  of  acid ;  thirdly,  phofphate  of  lime ;  fourthly 
and  lafily,  fome  iron  which  is  probably  alfo  united  to  phof- 
phoric  acid. 


Z«ffre  detonated 
with  charcoal 
Maiirc. 


Fofion  with 
Uackfltts. 


TheiDetallic 
button  again 
detnnatetf. 


LizWiatlon 
Icparates  the 
acid  and  arrenlc. 


•7 


Nitric  acid 
diflblven  the 
cobalt  alone. 

Evaporate  tni 
r^diflolv;.  j 


VII. 

Method  of  obtaining  Cobalt  pure.     By  M.  T&o  m s  d  ol. r  -^^ 

1^  OUR  parts  of  zaffre  well  pulverized  are  to  be  mixed 
carefully  with  one  part  of  nitre,  and  half  a  part  of  diarcoal 
in  powder :  this  mixture  is  to  be  projected  in  fraali  quantities 
into  a  red  hot  crucible,  and  this  operation  repeated  tfascc 
times,  adding  each  time  to  the  reGdue  new  portfons  of  tlie 
nitre  and  the  charcoal. 

Tlie  mafs  refuliing  from  thefe  detonations  ought  to  be  mixed 
with  one  part  of  black  flux,  and  expofed  during  nn  hoer  in 
a  crucible  to  a  red  heat. 

The  whole  is  then  to  be  left  (o  coot ;  f  he  metallic  cobalt  to 
be  feparatcd,  pulverized,  mixed  with  three  times  its  weight 
of  nitre,  and  the*  mixture  detonated  with  the  precautions 
above  mentioned. 

The  iron  contained  in  the  cobalt  will  thus  become  ilrongly 
oxidated,  and  the  arfenic  acidified  combines  with  the  potalh  : 
The  mafs  pulverized  is  to  be  lixiviated  many  times,  and  re- 
peatedly filtered;  and  thu:?  the  arfcniaic  of  potath  fom^.ed 
will  be  feparatcd  from  the  inroluble  refidue  that  contains  the 
cobalt, 

1'his  refidue  i^  then  to  hi*  treated  with  nitric  acid,  which 
difrolve<«  tiie  cobalt  without  attacking  lliu  iron  which  is  found 
oxidated  to  its  maximu7n  of  oxidation, 

.  The  folution  is  then  to  be  evaporated  to  drjnefs,  the  refidue 
rediffolved  in  nitrous  acid,  and  the  liquor  fillered,  to  feparatc 
the  lafl  portions  of  the  oxide  of  iron,  which  might  have 
efcapcd.in  tlie  firft  opeiation. 


**  From  the  Annals  dc  Chimic,  Tom.  Co. 
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All  that  rcraainn  to  be  done  afiec  this  i^,  to  decompofe  the  Prccipitmie  the 
tiitrele  of  colmit  by  pola(h.  to  wafli  ihc  ptedpilatc.  and  ^"'^^'Jj^^^ 
effeA  iu  rectuAIun  by  nieatis  of  h«at. 


VIII. 

A  new  Method  o/  ewaiting  Sugar  from  Beet-Hoot. 
Bjl  At'  AcHtBD  *. 

J.  HE  roots  of  the  boel,  after  being  property  cleanfed,  are  Beet rooimt 
diced  and  prelTed.    Tliejaice  obtained  h  il.ick,  and  of  a  deep^^^/r;^* 
«:olDur:    it  c*Dniain.<,    t.efuiM    fugar,   albumen,    tecula,   andfspuned. 
oilier  mailers  from    which  it  mu(t   be  cleared,   in  order  to 
obtain  the  pure  fygar,    Jn  this  proceft  of  fcparalion   il  is, 
(bat  the  art  of  procuring  fagar  from  the  becl-roolconCfit. 

la  B  boiler  of  tin,  or  of  tinned  copper,  mix  1U0  lbs.  of  theOnoCtbprt 
juce  of  beet  root  wiih  S|  ounce*  of  fulphuric  acid  diluted  "'^'"'fl"'"'^''*' 
■with  ono  pound  of  water  ;   (hen  ppur  il   off,  and  let  it  ftand  jmM.andifter 
for  12.  1  ?,  or  2t  hrnirs ;    V2  hotiii  are  fufficienl,  but  2*  wili  ^"'i'"<i  '-"* 
not  be  detrimental  to   llie  procefs,   a*  ihe  acid  prevents  any  .nTone  put  of 
change  in  the  juice.     In  ordsr  to  feparale  the  fulphuric  acid,  ''««■    Tig 
put  into  the  liriuor  7f  ountei  of  wood  afhes,  lo  uiiich  add  ^^*  ^" 
foot)  aftcri^ardt,  S  ounce)  or  6\  drachma  of  lime  Qaked  ia  tepviei. 
waler.     The  fulphuric  acid  coagulates  ihe  albumen,  the  wood 
alhea,  conliOiiig  chidly  of  lime,  and  the  lime  Itfetf  fL-parale 
in  thek  turn  the  acid,  in  form  of  an  alniotl  infoluble  fall.     It 
wit!  bere  be  recollefled,  that  in  the  Weft  Indies,  in  the  fa- 
bricalion  of  coarfe  fugar,  and  in  ihc  redning  houfes  ,of  £i)r0pea  ', 

lime  it  u  fed  lo  alii  ft  the  feparatiun,   and  the  cryflallisatioQ  of  • 

tbb  urticle. 

-  After  ihiK  firft  operation  the  beet  root  muft  be  clarified ;  FirtherpaiiA. 
for  which  purpofc  it  mull  be  pourwl  into  a  boiler  (o  placed"''''"''^  ^ 
•ai  thai  the  fire  may  aft  ettually  upon  all  the  whole  futbce  of,^',^"^^' 
the  bottom,  in  which  it  is  lo  be  heated  lo  a  (late  bordering  ,' 

upon  ebulilticn,  but  mud  not  be  fulfered  actually  lo  boil. 
After  drawing  out  Ihc  tire,  the  fyrup  is  to  be  Ikinimed  till, 
llielkura  aiilei  in  black ifli  (laLes.  Tiie  !i(}u<ir  is  aow.tobe,  ''  ' 
littered  thfough  flannel,  which  mull  be  done  with  (Mliun, 
left  the  dreg*  pafi  through  with  Hie  lytop.  Tlie  Iktun  and 
the  dregu  arc  good  (or  fattcnitig  fwinc, 

•Vm  Moni'i  J-mrnal.  Vd.  VJ. 
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Co6lil)|jt«ia- 
fMltr  p'uH^cs- 
tion  by  TqIh 
6deiice. 


Ef  apontion  At 
the  fyrup  dnwy 
a  threid* 


Cryftxllitation 
or  graining  in  a 
warm  ipart- 


The  meUfles 
drawn  off 


liatre  coarfe 

fugar. 


Jfl^rorement. 


ACHARO    OK   SUGAR* 

Thefjrnpf  (hu«  clarified  and  filtered,  if  placed  ma  Aalloir 
cauldron,  to  the  depth  of  not  more  than  fix  inches,  and 
BVftpomtod'over  a  briik  fife»  whcrebj  it  »  prevented-  from 
boooftiing'  a  liquid  faccfaarine  mucosf  which  refifti  all  attemptl 
to  cryfblTiKe  it. 

When  itdaced  to  aboot  one  half  of  its  quantity,  (he  fyrup 
is  to  .lie  pOOfed  iitto  tin  veflfelt  about  fit  feet  tn  height,  Riid 
half  a  foot  in  diameter,  with  cocks  about  6%  inches  from  tlie 
bottom.  It  muft  here  be  left  for  two  or  three  days,  during 
which  time  it  precipitates  whatever  remaining  impanthss 
it  may  contain,  particularly  gypfum.  At  the  end  of  thir 
period,  (he  liquid  may  be  drawn  clear  ofi^  and  replaced  in 
the  (lialiow  boiler,  but  only  to  Uic  height  of  three  inches,  to 
evaporate;  tKe  fire  (o  be  gradually  augmented,  as  the  f)'nip 
thickens,  until  it  be  in  a  (late  of  ebullition.  Hie  fire  U  then 
to  be  damped  to  prevent  the  fugar  from  burning,  which 
woutd  render  it  unfit  for  cryfiallization. 

When  the  fyrup  becomes  fibrous,  the  fire  is  to  be  ex* 
tinguidied. 

tn  about  half  an  hour  afterwards,  the  fyrup  is  to  be  pored 
into  cones,  of  which  the  mouths  are  flopped  with  linen  doilis, 
and  containing  a  little  coarfe  fogar-candy^  grofely  poundeid. 
Thefe  cones  are  fet  in  a  room  whofe  teMperatore  is  froin  10^ 
to  20**  of  Reaumur. 

When  the  fcveral  operations  have  been  dexteroofly  ma- 
naged, the  lugar  will  cryfiallizc  in  24  hours:  but  if  the  eva- 
poration, or  baking,  has  been  too  hafly,  the  whole  becomes 
a  granulous  mafs,  with  (he  interfiices  filled  with  roet^fles. 

When  the  fugar  is  we?!  cr)  flalliaed,  the  mouth  of  the  cone 
Is  to  be  opened,  and  an  earthern  veflel  placed  under  to  catch 
(he  melafles :  (his  operation,  according  as  (he  tyrap  has  been 
more  or  lefs  baked  takes  three  or  four  weeks. 

The  fubfiancc  remaining  in  the  cones,  of  a  yellow  cobur, 
more  or  let's  tinged  with  white  as  the  baking  has  been  welj  cr 
ill  conduced,  in  granulated  cryfiah  oC  various  fizcs^  is  (he 
coarfc  Aigar  of  bceuroof. 

Mr.  Acliard,  in  order  to  fave  time,  and  :o  avoid  the  ufeof 
vclTels  for  fctding  (he  liquor,  afterwards  deviated  from  his 
original  plan,  by  adding  (o  (he  fyrup,  when  half  evapora(cd 
as  above  dcfcribed,  for  evciy  twelve  quintals   of  roots  u fed, 

five 


fire  qnnti  of  Ountned  aa\k,    and    Ihottly  i 

quart  tA  vinegar.     He  tlten  proceeded  witli  the  CbcoIkI  ei» 

poralion  in  the  boiler. 

This  lugar  by  rctining  may  l»e  made  »  anfwer  ti\  ihe  uks  SuU^iipii rj- 
ef  that  of  Ifio  Wert  Indies,  and  may  be  rewlwed  eqwlly  ""^  "*  "** 
while  by  the  ufual  procets. 


SifffS 


On' Ificiutinc  [Niccolanum),  a  Metal  in  manff  JJe/pceis  refem- 
"■'  .^smdut,  latdy  dijlovercd  by  Dr.  i.  S.  Richter.* 

X  Have  long  fmce  conjeflured  in  analyling  the  cnball  ores  Sufploon  vl» 
of  Saxony,  that  lliey  i-ontained,  befides  coball,  arrenic,  cojv  ^*^j        " 
per,  nickd,  and  iron,  anollter  mcLal  which  rcfembled  nickel 
in  manj    f  iis  pfoperlJes,  but  ihe  means  which  I  have  hillierlo 
einplojed  to  fe^aratc  it  did  not  bcfure  afford  me  any  falisfac- 
toiy  (kIuU*.      , 

I  was  chiefly  futpiifed  that  nickel,  after  being  purified  by  ReBmk»b!e 
tke  nquid  procefs  from  coball,  iron,  and  arf^nic.  ami  ^flcr  [j^;^^?^*" 
}hat  (educed  without  the  addition  of   a  cumbuliiblu  iitidy ,  md  tifeoic  tai 
never  formed  a  mafs,  but  was  always  found  difi^tfed  in  ftDall  j"/"''Jj.*'~* 
panicles  in  a  hard  heavy  maU,  whicb  had  the  appearance  ol  i^uii  giobulci 
ihc  remaiiu  from  viiiiijud  copper, 

TlitK  liard, mailer  had  no  crtelalli 
lca£led  by  the  magnet  ;  Its  colour  was  of  a  blackiHi  grey  on 

'  i!ie  furfjcc,  wiili  a  fmall  degree  uf  brighmefs ;  and  in  pgwder  " 
it  wa<  brown,  gre^ifli,  and  greenilb. 

Some  weeks  ago  I  endeavoured  lo  reduce yier ^  almoft  hallEipennrDiiridi 

;  a  pound   of  oxide  of  nickel,   whicli  I  had  purilied  as  Well  as^'^^'^^^Jir 
pofliblc  bj  the  liquid  procefs,  for  Ihe  gteaieO  part  of  a  year,  nicktl. 
at  a  confidcrable  expence :  as  lliis  oxide  wa*  not  of  a  Nvdy 
gieen,  I  thought  fhts  was  caufed  by  the  ■'  extractive  mailer" 
which  might  be  in  llie  pWalh  e«ipIojed  for  the  precipitali,on 

,  of  the  fdphale  of  nickel  from  the  ammotiiacal  preparation:  it 
is  true   (hat   llii^  triple  combinalinn    had    not   that   beauljful 

'.  IQars-zreen  colour  which  it  commonly  had  ;  but  I  thought  Ihil 

•  jljvtakt  d*  Ctimit,  LXIV. 

might 
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night  be  caufed  by  tfie  fobftitution  of  (he  potafii  to  tbe  aiD« 
'     monia  mixed  wiih  the  copper,  which  could  not  be  feparaled 
but  by  the  reduction  per  ft, 
Onlf.tUM  From  thefe  ideas  I  hoped  to  have  at  lead  four  ounces  of 

wckS^a^miff  P^'^^^'^  P"^^  nicte),  but  was  difagrceably  fiirprifed  by  find- 
was  obtained,  ing  in  the  crucibles,  which  were  deformed  in  the  ufual  man- 
ner, and  perforated  by  the  vitrified  copper,  a  rough  vaaU 
with  the  appearance  I  have  before  menti'ned,  and  which' 
contained  only  a  morfel  of  about  two  and  a  half  drams,  and 
confequently  only  five  drams  of  pure  nit  lei  in  the  two  cru- 
The  deofe  ac-    cibles.     I  reduced  to  powder  in  an  iron  mcrtar  the  remaining 

companying  ^j^fj  (which  could  not  properly  be  called  fcorise),  and  fepa- 
xnaiter  wai  then  •r.,,v,,,  ,  -if 

pulTcrised  and    rated  from  it  by  the  fieve  and  the  magnet,  the  particles  ot 

the  nickel  fepa-  nickel  which  it  might  contain,  which  produced  near  two  and 

TMt^A  hv  the 

magMSBdby  ^  ^^^^  drams  more;  and  that  nothing  might  be  loft,  I  treated 
nitric  aciil.        the  powder  with  nitric  acid,  which  attacked  it  vigorouUy  at 

pl^Mthl^autis*^^  ^^^'  *°^  K^^^  ^  fululion  oH  nickel,  but  after  that  did  not 
pve  nonoore  a6l  on  it  in  the  leafl,  fo  that  the  powder  was  but  little  diroi- 
regulus*  niflied  in  weight :  in  expofing  this  matter  to  redu6ioD  per  fit 

it  produced  no  regulus,  but  nierfly  agglutinated  its  parts. 
The  mafs being       Having  again  pulverized  the  mats  which  weighed  almoft 

a^in  powdetid  41.  ounces,  I  mixed  with  it  one  ounce  of  charcoal  in  powder, 
was  urgrd  with      *  ,      /.        r  i        r  1     •         -    1., 

charoMJy  and     ^nd  expolcd  to  the  fire  of  a  porcelain  iurnace  during  eighteen 

affoidcdmore      hours,  in  a  crucible  clofed  with  a  luted  cover,  in  a  part  of 
weight  of  metal  ^^^  furnace  which   feemed   to  me  to  have  mod  heat.     After 
moucroafs.       having  br6ken  the  crucible,  which  was  in  a  found  (late,  I 
found,  under  a  fcoria  of  a  deep  block i(li-brown  colour,  a  well 
fufed  button  of  metal    wl.ich  weighed  two  ounces  and  three 
quarters :  it  was  not  at  all  connected  with  the  adjoining  parts 
of  the  fcoria,  and  had  at  its  inferior  part  a  particular  ftiape, 
which  was  caufed  by  cavities  which  were  not  produced  by 
the  crucible. 
It  was  fteel  co-       This  metal  had  the  grey  colour  of  fieel,  inclining  a  little  to 
lour,  rather       rgj  ;  jj  ppefentcd  in  its  fra61ure  a  grain  not  very  fine  ;  it  was 
xaaJieable,'^  mag-  rather  hard  :  could  be  extended  a  little  under  the  hammer  in 
tical,  &c.       a  coKi  ftate  :  healed  to  rednefs  it  endured  little  the  (fa-okes  of 
the  hammer:    it  was  attracted   by  the  magnet,  but  not  fo 
flrongly  as  either  iron  or  nickel :  it  had  many  properties  com- 
mon to  nickel,  but  it  was  diflinguiQied  from  it  entireiy  by 
others.     As  many  of  thefe  properties  were  fucb^  that  thofe 

not 
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I      not  well  acquainied  with  nickel  in  ft)'  perfeSly  pare  fl&te  , 

r      relRht  taltfe  it  for  that  metal,  I  have  called  it  Nkkeline  C^'ic  Kaoe  truhTmt, 
t      coi'innm.j 

The  nickelino  was  free  from  all  Ihe  melals  which  arc  fouJid 
I      in  Ihe  cobalt  oreS)  excepi  a  Utile  copper. 
'  The  fpecilic  gravity  of  caft  nitkeline,  which  enters  more  Spj^'SjE^'^fT 

rcadrly  mio  fufion  than  nickel,  is  6.5i  i  and  at  lorged  nicke-  4\ii^tti\t.         ' 
>      ItneS,60.     On  pulling  it  into  nitric  acid  a:iil  heating  it,  it  ■ 

I  is  aiiacked  more  quickly  llian  nickel:  I  remember  having 
i  obferved  an  equally  violent  action  of  nitric  acid  on  nickel 
]•      roduced  liy  charcoal,  whidi  1  then  confideied  as  pure,  and  ■ ' 

i      which  I  dilTolved  in  order  In  precipitate  frooi  it  by  polafit  an 
oxide,  which  I  might  reduce  perji.  i 

The  fululiun  of  the  nlckeline  went  on  well;  being  come  to 
I  the  point  of  faturatton,  it  had  a  blackilh 'green  colour,  and 
'      alTumed  a  gelalinous  cunfificnce. 

I  employed  myiiid  care  to  feparale  from  it  a  part  of  the  StF"*^^ 
iron  which  I  thought  it  contained,  and  lefl  it  to  dry  a  little  „        -     ' 


.      over  a  fpirit  lamp  :  ihe  mafs  became  coniinuaUy  of  a  deeper  •  *'»^  fowdu, 
f      green,  and  in  approaching  lo  drynef^  it  gavl  out  much  red 
I      vapout<,  and  the  refidue  became  of  a  blackilh  grey  ;  I  added 

dMtilled  water  l»  it,  which  dilfalvcd  but  lillle  of  it,  and  tliat  | 

which  was  dillblved  was  an  infigniticant  qitanlily  ofDickel. 

I  poured  mtiiiaiic  add  on  Ihe  blackjili  powder  well  waflied,  fi^'^jj^y  ' 
,,     whieti  gave  a  green  foliilion,  in  difengaging  a  flrong  odoui  Gnu  rbludaB^t 
I      of  oxigenaied  muriatic  acid.  ,  "^^^  "^/.Vd. 

Ttte  muriatic:  foluiion  woe,  as  well  as  ihe  niltic  folulion,  ofuilh  nubtiit 
I.     b^up  blatliiili  graft-green  colour :  being  evaporated  lo  dry- *"""  K""  ^ 
f     nefs,  ii  produced  a  reddilh  maf*,  which  became  green  in  a 
0     motll  air,  and  which  communicated  lite  green  colour  lo  water 
,     in  which  it  wai  dillblved. 

^  Thii  dark-cobured  osideof  nickeline  was  infobble  innitric'^''^^'* 
k  acid,  and  in  fulphuric  acid  ;  but  if  (ugar  or  alcohol  was  added,  ibiubk  m  niirie 
f     (he  fululiou  look  place  with  (atilitj  at  ihe  boiling  point.  °',  '"'pfiut^ 

Tlie  fulphale  c>f  nickeline,  being  combined  wifh  water,  i» combuAibte 
•l^of  a  biackitii  green;  but  il  aHunies  a  pale  red  colour  on  auuci. 
being  deprived  of  Ihe  waler.  k";'^'"'"** 

If  carbonate  of  polaAi  be  added  lo  the  pieceding  foluliun-i  PrEupiuu  bjr 
«f  nicktflme,  it  occafiimn  a  precipilale  ot  blue  carbonate  of '"'^"f''  ' 
niclccline,  inclining  a  litile  to  grc^  and  grctin,  «ul  ot  a  pale  '' 

tifll ;  Ttiis  corabiiiaiioi)  It  very  light  and  foil,  and  dilTvlves  in 
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,  ,  Ibe  Bcids  with  s  ilrong  eH«%-efcence.  I  ie«q€inl»er  tp.hfttfl^ 
lixl,  tome, yean, sge^  tllit  precipiiste  of  a  bad  colony  ud-, 
not  Lhea  to  have  examined  it,  crmfidcrin^  it  as  a  mixiiwc  of. , 
iron,  nicbsl,  and  arfcnic,  (wlucli  latl  cohlinualtj  ma<l«  iilclf, 
noliced  by  iu  odour  of  gsrlir] :  But  at  laR  I  ruQ>uded  iU,;, 

br  oudic pot*        It  the  fuiution  of  tiicLdine  h  decompnr«l  bj  caiiltir  pntnlb^ji 

■**  it  gives  a  precipitate  wliich  [erenibloii  in  it'  colour  c^'b-i 

ofchnNBc;  that  ii  lo  &/,  it  ii  or  a  deep  greertifli-blur-,  wbbicb  i 
Am*  not  change  when  it  ■■  walhed  :  bcitig  diied  viiih  a  ^cnile,^ 
htat,  it  affnniBt  a  pale  culow,  tvbich  bceomet  it«i!)ie«  when  it,^ 
ii  notftnied  willt  water.  I, 

^  tamooia.  Jf  any  of  the  foregoing  fulutions  of  ntckelinc  is  mixed  **iti^. 

snhioiita  lo  eNcefx,  the  liquor  alTuines  a  pomegranate  red  ei>% 
loar,  and  remaina  tratifparenl ;  whkb  proves  llial  it  4oe«  nv^ 
conlain  any  iron,  beaufe  ihat  ihia  laller  i<  not  fuIuUe  iifif^ 
amiDonta.  B\  candlc-iight  thi^i  fululior)  i<  tvilh  illEGcuUjr  diC^ 
lingailhed  Iron  that  of  peilWctly  ptxrv  iikLcl ;  but  by  day^ 
Kgbt,  (liii  latter  is  of  an  aoietli^fl  red  coloat,  at  I  bare  .circ-f 
wttere  temarked. 

pfllDttofcom-       I  fliall  now  cempare  ll 

■icfccl  0)  csbilt.  ibofe  in  uhich  it  it  d'Dmct  ftaiu  them, 

It  refenbies  rabali — 

lUfcmbbnca  erf     '-  By  «H  pt«pwty  of  foper-fataraUng  ilfelf  wilh  exigeh  al 

■ickdiitt  and     the  expence  wf  the  tiilric  acid,  and  liius  fotming  a  body  whicti 

relemblei  lite  black   mtide  ol  mangDnerc  wilh  regard  lo  iU 

foiubitity  in  the  acidi :  2,  By  in  property  of  not  being  itr- 

dccible  but  by  tlie  ititervcnlion  of  a  combBflible  body. 

It  drfieff  from  cobalt— 

Diperentube.         I.  Bv  the  btacki  Hi -green  colour  of  its  folutioni,  even  wheo 

^"^"IJJ^'''"  they  areenlirdy  neuiraliMd.     It  is  known  Ihat  the  otuUal 

folntiuns  of  cobalt  in  the  fulphuric,  nitric,  and  moiialic  acids, 

are  of  a  aiwitm-fei  colour  g  and  that  the  muriate  of  cobalt 

alone  becoroei  of  a  green ifli-bluc  on  being  deprived  of  iti 

water :  from  whence  it  happent  that  an  excefs  of  scid  pto- 

(luces  this  colour,  becaufe  it  combines  with  the  water  :   Wilb 

ihe  muriate  of  nickeline  pjecKely  the  reverfe  lakes  place; 

when  mixed  with  water  it  is  green  (alihough  of  a  lefi  beau- 

lifui  colour  than  the  cobalt  without  ivater}i  and  when  de- 

(tfived  of  its  water  it  becomei  reddifh. — Z.  By  the  cofcHU  af 


icipal  propcrtic*  In  whicb  qjipt 
in  part,  fiickel  or  cobd^  'tfa^^  ^ 


fecaAonile^  liiatof'cobalt  iief  «  bwufiful  poppf**"."^  ",^ 
me  carbonate  of  nickeline  h  a  bltuO)-green  mclinmg  lo  a  pil6" 
brey. — 3.  By  tlie  colour  of  ils  oxide  precipitaied  williuut  trn*  "'  '' 
'bnnic  ad^  :  that  of  cobalt  ii  of  a  deep  blue,  imi  changot  oh 
walhing  to  a  blackidi-broM'ti  j  bjl  this  oxide  of  nickdine  ii 
of  ii  ^eenini-bliie,  ^nd  its  colour  doui  not  change. 
Nitkeline  fcfembliii  nickel— 

].  By  l|4  ftrong  magnetic  qiulUy  f  altho^gfi  llii>  is  not  fo  ReferAUancn 
great  as  that  of  nickel.— 2.  By  ils  malleability,  which  how-  ^^  "^^ 
«ver  IS  lek  than  li.^i  of  oickcl. — 3.  By  the  de«p  gteea  of  its 
fblulioo;;  although  tW\s  colour  is  not  fo  beautiful  as  that  of 
(hu  folutions  uf  nickel. — t.  By  lb«  Ma  ol  ihii  green  r'^ioor 
when  its  neutral  cornbinatiuns  are  deprived  of  water. — i.  &y 
the  colour  of  the  acid  foluliuu  wilh  an  excefi  of  smtnonia,  ^^t 

which  cannot  be  well  perceived  by  candloIigUl,  ^^^ 

Nickeline  differs  vciy  didinflly  from  nickel — >  ^^| 

.  ],  Becaufc  it  cannot  be  reductJ  without  a  combnfliblcDiflerenmS^^ 
body  added  lo  il. — 2.  Becaofe  nitric  acid  attacks  and  oxidates  w^d^L  "* 
it  more  eaGIy.  Nickel  i*  not  near  fo  readily  acted  on  by  tbe 
nitric  acid  if  it  is  not  mixed  with  the  nickdine,  which  almolt 
always  happens  wilh  tlie  loa^nelic  lait^el  which  ti  confidered 
to  be  in  a  (late  of  purity,  and  whidi  has  nut  been  reduced 
per  j'c  before  oiy  difcovery, — 3.  Ii  alfo  differs  from  nickel  bj 
tliB  properly  lirA  mentioned  uf  thofe  in  which  it  refembles 
cobalt. — 4.  By  tlic  colour  of  ils  combi nations  wilh  the  adds, 
when  deprived  ol  water ;  This  colour  in  nickel  is  almofl  a 
'baS  (cKamois),  and  in  nickdine  a  reddilh,  except  in  the 
nitrate  of  nickeline,  which  catinol  be  deprived  of  water  with- 
out decoropoling  it. — 5,  By  llie  colour  of  the  pteciptiaies,  men- 
lioned  in  the  fccond  and  tliird  articles  concerning  the  proper- 
lies  wherein  this  new  metal  difiers  irom  cobalt,  MJiii  v.  are  in 
Uiofe  of  nickel  of  a  green  colour  enlirely  different  flom  thofc 
of  nickeline,  which  latter  are  of  a  mucli  moic  3.gteea^Je 
green,  efpccially  Ibof^p  of  the  caibonalct 
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Later  from  G.  Cumbebland,  £/^.  ma  Prnfe^far  txtmdti 
Roadu  on  the  Principle  qf^  the  indined  FtimCm 

To  Mr.  NICHOLSON. 

Sra,  Oa.^e,\%05.  VFcfLon-fufra-Mw^. 

Ac^imtof  rail.  /\BOUT  ten  years  a^o  having  frequent  occafion  to  remafk, 
'  and  fuffer  from,  the  miferabie  Hale  of  the  roads  from  Stsiines  to  ' 

London  during  the  winter  (ksSon^  I  ventured  to  propofe' (hot 
having  at  that  time  either  feen  or  heard  of  rail-roads)  a  pbn 
which  I  called  a  truck^road  for  the  whole  of  that  ttage,  becaulb 
it  was  intended  to  convey  all  forts  of  goods  and  even  carriages  - 
on  trucks,  goin^  to  town  on  one  fide  of  the  old  road  and  ro- 
turning  by  the  other, 
conmuoicaied  This  plan  I  font  fome  time  after  io  Dr.  Anderfon^  Y/ikh  a 
toDf.  AiideHbn.^j.j^^jj,g^  for  his  liecreatiom,  but  by  fome  accident  it  was  m\U 

laid  and  lofl ;  and  the  reward  of  my  trouble  was  the  fly  fneeis 

of  my  grave  Windfor  neighbours,  to  whom  it  was  known, 

accompanied  with  a  fort  of  pity  for  beads  capable  of  propofing 

iuch  cccertric  inventions. 

Time  however  revc'iiged  my  caufe,  by  Oiowing  them  the 

practicability  of  fuch  fchemes  in  the  progrcfs  of  the  Surry 

undertaking. 

Another  plan  At  the  fame  time  another  plan  of  expcditicus  conveyance 

by  an  mdincd     occurred   to  my  mind,  but  which  I  was  deterred  from  then 
road.  . 

producing  owing  to  tiie  cold  reception  my   firft  contrivance 

net  witii— And  as  no  one,  a$  far  as  I  can  Icarn^  has  hitherto 
brought  forvaard  any  improvement  of  the  kind  (although  fo 
very  obvious  that  it  mij^ht  eaHly  be  fuggeHed  to  the  mind  of  a 
child  who  had  heard  ot  roads  on  inclined  planes,}  I  take  the 
liberty  to  recommend  it  to  your  patriotic  publication,  convinced 
that  whatever  may,  atone  time  or  other,  be  of  fervice  to  nan- 
kind,  will  be  always  fure  of  a  favouiable  reception  at  vour 
hands. 
Particular de-  The  plan  I  propofc  then  is  this? — That  all  difpatches  and 
tail.   Difpatdies  poft-letters  may,  wherever  it  is  compatible  with  the  inclina- 

may  be  T..!lcd  in  \  ■'  ' 

a  rpucricii  caTe    tion  of  the  ground,  be  conveyed  ten  or  ntteen  miles  to  and  from 
^^"  *^""8  in-  London  by  neims  of  iron  or  \ooodcn  JheUs  qf  a  globular  form, 

rolliif^ 


r 
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vdlriig  in  a  cylinder  of  brick  orjione.  When  clofed  and  locked, 
a  due  momentum  being  gFven  al  a  proper  elevation,  it  is  eafy 
to  fee  tiiai  (heir  fpeed  and  fecurity  muil  f«ic  furpafs  an^  Qtbcc  -. 
mode  of  conveyance  tliat  we  at  prefent  know  of;  and  all  that 
would  be  neceflary  in  addition  to  the  machine  would  be  to  have 
proper  beds  of  fand  or  wool  bags  to  blunt  their  projedile  force 
•t  the  end  of  their  career, 

I  fbaltnot  at  pfefent  enter  into  the  difcudion  of  the  con- 
ilrudtipn  of  the  tube-road,  or  go  to  a  calculation  of  their  ex-- 
pence;  but  if  you  think  the  bare  hint  worth  pubfifhing  it  will 
give  me  pleafure,  Qiould  the  idea  be  approved,  (o  'go  into  all 
the  minutiae  of  their  utility  in  other  retpedts,  and  the  means 
ol*  their  ultimate  accomplifhment ; 
Being  always.  Sir, 

Your  obliged  humble  fervant, 

G.  C. 


XI. 

On  the  State  of  Prcvfncial  Sociftiei  for  Scientific  and  Literary 
Improvement,     By  a  Correspondent. 

To  Mr.  NICHOLSON. 
SIR, 

JOEING  in  the  cuftom  of  vifiting  Aberdeen,  in  one  of  my  Oreat  adrtntage 
lad  tours,  I  inquired  if  there  were  any  Antiquarian  or  Li- J***^  ^""""W  w- 
lerary  Society,  or  Subfcription  Library  there,  and  was  much  ©f  Aberdeen 
furprized  to  find  neither  one  nor  the  other;  there  is,  I  wzsff^^nthetftM" 
told,  an  A^thxneum,  in  which  a  good  number  of  newfpapers,  aJbi^ljlary* 
and  fome  of  the  mpfl  refpeflable  periodical  publications,  are  &c. 
taken  in,  and  in  a  room  above  that,  a  circulating  library ; 
this  lafl  I  knew  to  be  the  property  of  two  very  rcfpcclable 
bookfellers  in  Aberdeen,  and  I  believe  the  former  is  alfo,  but 
the  two  united  by  no  means  cffe^  the  utility  of  either  a  lite- 
rary fcx:iety,  or  a  ftibfcripiion  library,  in  uhich  ifie  books,  fyCm 
are  the  proprrtt/  tf  the  members,  and  who/e  concerns,  JUch  as 
choofwg  and  ordering  books^  and  the  Uke^  are  conduced  hyaconi' 
ntiUee,  chofen  out  of  the  fuhfcribtrs.     Few  of  thofe  who  know 
tliat  there  is  no  fuch  inftitution  there,  when  they  consider  the- 
refpeflability  of  the  place,  either  in  a  commeitial  or  liieratj 

view. 


.     r 
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victur,  bill  muR  Ecel  greatly  aftoailhed  ;  and  more  paillculvt/  ' 
will  the  wsot  appear,  wiien  it  it  lAio  luiown*  Uial  in  ManHofci 
Arbrtutli,  Dundee,  aud  Perth,  placet  rnoch  fniallcr  than 
Aberdoea,  and  nut  pollclling  any  collejjc  crtjblilhnienl,  tlietc 
mn  fubjbriplion  libraries,  04  iha  abim:  pliti  nay.  that  Pfnli 
Iialh  alfa  an  Antiquarian  SoLJety  !  Subjoined  is  a  lifl  nf  (time 
olher  places  in  Korlh  Britain,  enjoying  tbeaitvantagei  of  fudt 
cflablilhmcnts  as  f  would  recommend  to  Aberdecnj  fow 
''  ^'  of  whom,  il  is  obvious,  have  not  near  the  profpe^of  itoxit 

,.•  that  thai  place  could  command. 

Glafgow,  Paifley.  Greenock, 
Kilraamock,  Linlithgow,  Haddington. 
On  (he  borders  ol'  NoriliumU-rland.  Dunfe  and  K^h, 
The  annual  fubtcripiion  to  none  r-j'  Otejh  i»  morr,  in  font 
caHts  not /o  much,  at  to  the  Alhscneum  of  Aberdeen  and  other', 
and  they  all  polTcil's  ^ery  excellent  and  incrcaring  felediost 
■fbookt. 

«'  I  am.  Sir, 

■      A     ^■'^  Your's  refpeftfully, 

,    '  A  TRAVtLLtR. 

Yoii  Hotel,  Bridge  Slreet, 
Black  Friart. 


k 


e.  P.  f.  T  am  forry  to  be  iniormcd  lliat  neititet  Inverneft,  BanS*, 
or  Peterhead,  polTisCs  Tuch  infiimtions  paiticulaily  the  61II,  whicft 
ptcfenls  fuch  an  abundant  number  of  objcds  to  llie  antiquaTiUi 
and  is  furrounded  by,  end  contains.  To  many  gcntlcmtn  cf 
diOinguidied  liberality,  and  ingenuity;  alihisplacc  thengith 

.;  ,  meeting  was  eltnblidied  for  the  avotvcil  purpofe  o    prombtii 
■  intercnarfe  amougfi  dlflanl  fmnlies.  but  how  touch  more  "nlf^-^ 
*  im efFefled  of  general  amiliomtion  and  comfort,  by  the  el£ 
blifhrncnt  ol'a  Litcraiy  nnil  Antiquarian  Society,  in  wbicfa 
jcfls  coniieflfd  with  general  improvcroenl  migbt  be  dilcu&l 
and  books  hi  chcmiAry,  agriculture,  and  ottici  mure  imcM 
dtacdj  li&Ait  parts  of  knowledj^c,  colle<lcd. 
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-VcucF  ofctrlma  lafiaiicetnfwijhfiil  Ne^ieena  'injhtk'F^Sil'tU' 
in  the  iVorf*.    By  an  EsflWiKtR.     '        "'  ' "  ■ 

To  Mr.  NICHOLSON.  "    /"* 

SIR,  London,  Ofi.  10,  IMS. 

XT  is  menlioned  in  liie  Slallflical  Reporls  of  Banff  and  Pcler-  roilancM  rf 
head,  Ihal  the  fifliermeii  Iberc  never  ihink  of  carrying  iheir  fi(h  *'„'^^"i  "jl^' 
along  the  coall  fouihward,  which  they  mtglit  do,  to  Leilh,  io  fiihctics. 
2i  hoars,  or  with  a  good  brilic  wind  Lo  Berwick- npon-Tvreed, 
or  e»ea    N'ewcafile-upon-Tyne :   but  when  their  refpeflive 
towns  arc  fupplicd  thry  throvi  the  raiuunikr  upon  the   duagkiUi 
for  manure!  this  wai  pofilively  affirmed  lo  me  as  &  Irulli,  bjr 
agcntknian  ofgteat  rerpeflaUiiti  of  Aberdeen. — At  Arbroath 
■noihei'  cullora  equally  as  extravagant  in  ils  Lind  picvatlf, 
,  and  of  which  1  have  been  a  witnefti  the  crab  fiDiery  there  it 
fo  produflive.  thai  afier  boiling  (hem,  ik  bodUt  tf  ihe  cn^ 
mre  thrown  away,  and  Ihe  large  claws  oiUif  brought  lo  table  1 
_Oi^ht  not  fujCh  amazing  walle  to  be  remedied  )  * 
Vour'a  Kipe&taUy, 

An  ENQUIRER. 


On  Bile.     By  M.  Thbnabd  t- 

X31LE!  has  been  compionly  confideredasafapasaceous  li<]aorB;ietm)1dcrei 
*c6or£ed  wilhalbumeii :  but  it  hat  been  foaod,  upon  clofa  in.  "  »  "'"■p""* 

*  ,',  ,.,  ,  ,  jihttttisc. 

veuigation,  lo  prcrenl  phenomena  which  cannut  be  accmntcd 

*'.S^.  Wliat  way  the  vshic  <j{  roarure  protortd  iiom  fifli  at  rtiefi 
'  places,  compaicd  with  the  price  of  (he  article  H  the neighbourifif 
'  niarket),  Ibtjefl  to  llie  dedoaion  of  carriage  (conftnifc},  aod  il* 
effcft  of  a  rival  fupply  fnJBi  nearer  parli  of  the  tosft>— The  fifls 
which  woaM  fo)ve  ihJa  quediofi,  wouM  fhew  whetbeT  lh«  fitbcrmcn 
Stglcfl  their  inlcreAi  in  thcfe  proccedingi, — W.  N. 
■(-  Bulletin  det  Scieocci,  No.  93. 
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for  raerelj  by  Che  prefence  of  Ibefe  principles :  this  is  more 

particularly  to  be  obferved  on  fubmitliQg  it  to  the  adtion  ot 

fire  and  of  acids. 

Ddhuaive  air-      Hilei  if  dilblled  to  drynefs^  leaves  a  redduum  ecpal  lo^^th 

lilUtion  Icatct  ^f  jj,  oriirinal  weight :  from  100  parts  of  which  calcined  is 
cnc-eighth,  in       ,  _.       ,  ^         .  r         r  \    i-    J      r 

which  is  only  obtained  a  carbunaceous  niatier^  coiDpnling  leveral  kiudsol 
onc-fifthof  fait-  as  marine  falt^  phofphate  of  foda,  fulphale  of  foda, 
caonot  fapjnijy  phofphate  of  lime,  oxide  of  iron,  and  four  pirts  of  foda.  Bile 
the  oil.  therefore  contains  no  more  than  t5«j  P^^^^  ^^  *^  weight  of  foda. 

So  fmall  a  portion  of  alkali  would  not  be  fufficient  of  ilfdi 
to  dilfolve  that  qtianlity  of  oil  which  is  known  to  exid  in  bile: 
a  fair  prefumplioii  may  therefore  be  entertained  that  thi<  li- 
quor contains  fonae  other  property  to  fupply  the  abfence  ofal- 
kih'.  Thi:«  conjeflurc  incrcafcs  to  ftrong  probability,  if  not 
to  abfolute  certainty^  in  attending  to  the  action  of  aeidi  0.1 
bile, 
iicid  feparates         If  a  few  drops  of  acid  be  nvxcd  with  bile,  a  h'quor  of  a 

oil  and  albumen  reddifli  tint  is  obtained,  which  (lains  paper  of  a  bright 
Ijrtm  bile ;  the         ,  ,       ,  .  ,.    ,  •    -^    .-        • 

clear  fluiJ  is       yclIow.     In  this  experiment  Iiil.c  or  no  precipitation  i^  pcr- 

bittcr»  anvl  af-    ceivcd ;  but  on  the  addition  of  more  acid,  it  lakes  place  abun- 
a^rciidlani.        danily  :  the  matter  depofitod  confift*  of  albumen  joined  with 
a  very  fmai]  portion  of  oil,  not  at  all  correfpondent  to  the 
quantity  of  thefe  fuhflanccs  to  be  found  united  in  pure  bile.  The 
liquor  remaining  after  filtration  is  of  an  extremely  hitler  lafte, 
.tind  leaves  on   evaporaiion  a  rcfjiiiium   equal   to  wl:j,l  is  ob- 
laiiied  Irom  a  like  quanlily  of  bile  in  ils  original  Italep 
The  oil  with  an       On  diflijlvinjr  (he  oil,  which  had  been  previoufly  obtained 
alkali  anJ  Mhii-  from  bile,  in  alkahy  and  adding  to  the  ley  produced,  a  p.irlion 
of  albumen,  a  combination  took  place  wiiich  was  decoui^ofed 
by  the  moft  feeble  acids,  and  from  which  vinegar  preeij  itaitd 
all  the  oil.     This  combination,  therefore,  was  not  bi!c  ;  con- 
€  fequently  bile  con  fill  >  not  merely  of  albumen,  oil,  and  foda; 

and  this  is  the  reafon  why  foluble  (alls,  l>ariles,  Hrontian,  lime, 
and  feveral  metallic  didolvijnts,  make  no  impreilion  upon  bile. 
Bile  contains  a    No  longer  doubting  that  tliore  exifled  in  bile  a  matter  peculiar 
pcculiarnuucr.^  to  ilfelf,  I  endeavoured  to  feparate  it;  and  afier  a  few  trials, 
1  fuccecdcd,  by  means  of  a  combination  of  acetous  acid  with 
lead. 
Acctl?2  of  leU        O"  pouring  into  bile  acelite  with  a  flight  cxccfs  of  oxide  ot 
precip.  the  oil     lead  (that  i«,  acelitc  of  common  lead  boiled  with  about  the 

snd  ill?*      Tn" 

liquor  by  cvap.    ^^^'^^  P^^^  ^l  i^s  ^^^'"  weight  of  litharge  deprived  of  its  carbonic 

acid^> 


OS   BIIB. 


ffad]  the  whols  of  the  albaraen  and  oil  were  precipilated  ;  (fie  e"t  ' 
liquor  being  (ilterefl,  (lie  oxide  of  1<^  and  acetile  were  Fispa- 
.  raied  rroDi  H  by  means  of  fulpliurated  hidrogen;  and  by  eva. 
por:iiion,  aflcr  having  again  filtered  the  liquor,  a  fubdar 
wai  obiaincil  whoCe  flavuur  was  aX  once  faccliarine  and  acrid, 
foinewliat  limilar  to  the  juice  of  certain  kinds  of  liquorice. 
But  a.t  this  rtibiiincc  vrns  riill  Tuppafed  to  be  charged  with  the 
falts  of  the  bile,  changed  into  acelltir,  by  the  acetile  of  lead, 
it  was  precipitated  with  acclite  fu  per -fat  u  rated  with  oxide  of 
'  lead,  containing  one  part  of  the  quantity  of  acid  found  ii 
men  lead  ;  the  precipitate  wa!  dilTolved  !n  vinegar,  to  free  it 
frotn  the  fulpliurated  hidrogcn,  filtered,  and  again  evaporated  j 
by  which  mean9  the  matter  was  obtained  in  its  greatefl  purity. 

It!  principal  qualilieJ  ate:  '-   .  hid  the  pemliw 

1.  Being  folubte  in  water,  and  in  alcohol,  n'gtitly  fcli- e!!^'mer«d'.'' 
quefcent. 

2.  It  h  not  precipitated  by  acctite  of  common  lead ;  but  is 
'  entirely  fo  by  (he  fatuiated  acetile  of  lead,  which  precipitate  is 

foluble  Ut  acetite  of  fuda. 

3.  It  will  not  ferment  with  yeall;  will  give  no  ammonia 
by  diflillalion ;  and  is  not  affe^ed  by  the  prefence  of  nut- 

'  gall- 

4-.  ft  diirolves  the  oily  matter  of  bile  :  bul  fo  facilitate  this 

'  operation,  it  tsnecelTnrylo  difTolve  the  two  mailers  together  in 
alcohol,  evaporate,  and  wa(h  the  refiduum  in  water.  One 
part  of  the  faceharine  and  acrid  fubftance  difToIves  only  thtee- 
fourlhs  of  the  oily  matter.  Now,  an  thefe  matters  are  nearly 
in  equal  proportions  in  bile  itfclf,  it  mufi  be  admitted  that 
foda  contribute!  towards  the  compiele  diflblution  of  the  oil; 
reverthelef*  acids  fcarcely,  if  at  all,  affeft  it. 

In  reRefting  on  the  above  experiment  and  its  refults,  I  con- Bile  capfiAiaf 
eluded   that  bile  was  a  triple  compound   of  a  litUe  foda  and '^Jch^^'u'^ 
much  oily  and  fjcciiarine  matter;  that  acids  decompofed  it bcchiriaE  mu- 
bot  in  p:vr( ;  in  other  word's,  that  it  wascapableof  containing  "'•  **■ 
■n  excefs  of  acid  without  bavingils  portion  of  foda  neutralized. 
I  therefore  calcined  bile  that  had  been  acidulated  with  ful- 
.phuric,  muriatic,  and  other  ecid<,  and  found  in  each  cafe  the 
"foda  left  in  the  calx  :  it  i*  therefore  very  probable  that  the  fac- 

'  charine  matter,  in  conjunflion  witir  the  oil,  decompofed  s 
certain  ijuaDtitj  of  mif  ine  fall,  and  deftroyed  the  power  of  the 


r' 


OK  srlK. 


} 


mfi;- 


It  woaMhive  been  of  little  Cervic*  lo 
Uem  parts  of  bile,  halt  ibftirprnpDttkmt  been  Ie6 
1  have  iIicri;rore  endeavoured  to  determine  tb«a  in  tb«  foliom- 
inji  anal}' (is ; 

By  mcaiii  nf  nitric  acid,  I  reparstod  tlic  »vi>-l  TiibSmorr, 
which  ii  fappored  to  be  albumen,  wiili  a  very  rmall  portifin  of 
Oil;  ihii  being  (iiluble  in  alcohol  and  llie  other  oot,  Jt  ws^ 
«ary  (oarMrtsin  the  wei);ht  of  each,  t  then  preeipllated  til 
the  oilj  matter,  with  aceiite  aitd  a  rmall  cxcert  oT  oxide  of  leadi 
■hi''  precipitate  being  mixed  wiili  the  metallic  oxide,  I  iitto\ftA 
jt  in  weak  nitric  add ;  after  Altering  llie  IJqaor,  I  depritiJ 
it  ^r  liic  lead  which  remained,  by  muaiii  oi  CulpbnrMaJ  by^ 
drogcn ;  and  by  evaporalinn,  I  ubiained  the  pecaliu  liibflanct^ 
mixed,  indeed  with  the  kits  of  the  title,  nluch  bad  fltoOIy 
ondergone  a  change  by  the  aceiite  of  Icaii,  and  whofe  weighl 
had  noted . 

I  afccrtaiiicd  the  (|uanilty  of  foda  by  calcining  I  tX)  parti  et*i 
traflcd  from  bile,  and  cnniparing  tyih  mucli  care  Itsw  maA 
the  rettduum  would  imbibe  of  acid  at  1 1^*,  wllh  f(ie  quKpUlj 
imbibed  by  pure  foila,  I  alfo,  by  means  nol  neceJIirj  to  fialfr 
here,  obtained  the  quantity  of  eat-h  of  the  olhei  iklls  Cfl" 
latned  in  bile  ;  from  all  mIilcIi  experiment!,  matte  villi  I 
uiroolt  care,  J  conclude  that  800  parts  of  (be  l»te  of  an 
contain — 

Water 

Oily  matter 

Particular  fubl^ce  - 

Animal  iubAance 


700  KtfU 


»oda 

Maiine  fait 
Sulphate  of  foda 
Pbofphaie  of  foda 
I'liafphale  of  lime 
OkiiIb  of  iron     - 
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\  defideol  of  lhegiv«njBntitf» 

Bile  fonnii  an  inlereAing  fubjeft  for  n  niMib«T  of  «lh 

tearcbes :  ihe  varieliei  In  be  tbund  in  the  fevenj  fpecic^tl 

MiimaU.  anil  wlilch  a  nultilude  of  circamllaiKM,  paiticnhi' 

4U0ibid  affecllon  of  the  organ  which  fecfctn  jl,  msj'  w»dlttj 


-■(Irt* 
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irtr^i-'^e  ot^giriftn  mi  iium'al  fubflirites ;  and  (h^Mftr--*'^"*~' 
*.'utiir'm.i1l<fr,'"dtiRlrtftgfrriin  all  olliers  hillierlo  known;  wrllnot 
fjil  to  ckcile  a  livdy  inli^rell,  aitd  are  the  fubjcd  ot  (eveni 
arti*  Npef*  wHicK  I  pnrpore  'ihotlly  lo  bring  bcfoie   the 
ptlBTte. 


XIV. 

lSiw((Mii)ii./io«.V,rGf,oiicE  Sr*uNTOs's  Einho.jfi/,cuiUianif^a 
l}»fi:ripti<m  of  Fire  ll'orh  untnoaii  in  Earnpe.  Propojid  (y  a 
CDrrrfprnidrnl  v.ill'  a  Vine  to  hbtain  Eipta'uuion  <if'the  Xtiaia 

;^i9iv  ;."Ni.'.-^  Ui  .i_i-';  i.    ■-'■    J 

To  Mr.  NICHOLSON. 

'  J  prctuDielo  tliiiik  it  nillaccoid  wilb  the  general  aim  of  your  iDuoda^toai 
_  e;(ce)lent'  collci^ion  to  laiiitt  the  (bllowinj;  ({uotatioo ;  and  I 
indu|g<;  the. hope  Ibat  /aui  compliance  wilh  my  lequell  for 
iplanalion  from  feme  of  jour 


'  jlhax  parpofe^  iu»|  pioduci 
''-^eeoiaut  Qorrefpondcrtla. 


your  canfiaiit  reader* 

P.M. 


-^ 


"  After  i\m  balleti,  Fire-works  were  played  off;  and  even  Re 
in  the  day-time  had  a  Diiking  kWc&.  Some  of  the  contrivances  ' 
were  new  lothe  Englilh  rpe£)uturi.  Out  of  a  large  box,  among 
other  inftancc!,  hlietl  up  lo  a  confiderable  height,  and  lie 
bottom  falling  out  a'^  il  it  were  by  accident,  came  down  a 
multitude  of  pa|>er  lunlcrm,  (vtiled'fhl  »i  they  ill'ued  from  the 
Lox,  bat  unloliling  themfdvcs  from  one  aoolher  by  degrees. 
At  each  lantern  alliimcd  a  regular  forii>,  a  light  was  fuddenly 
perceived  of  a  beaufifolly  coloured  flame,  burniiig  brightly 
%HhU  it  ;■  leaving  doobtfal  by  what  delofion  of  the  fighl  thofe 
lant«rRti.app«»red,  or  by  what  property  of  combotlible  mate- 
'  ■jail  they  b«c«aiL-  thus  lighted,  wiihoui  any  coinmiinicfltion 
ffon  the  ovi  litlo  Ib  produce  itie  flane  within.  Tbii  devoiaiim 
«nd ttofclflpeipcnt  were  fevemlliniei  repealed,  witb^JHTcrewcK 
.  Xli— »tcEMfl*a,  1805.  T  •! 


hn  w 


^ 


L 
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«»  CAKUNATI  at    roTAlH. 

iiT-bC  fi|{tire  evnjr  timCi  m  well  a*  of  the  colours,  wMiirtiicb  itie 
'  "~  Ohkiefc  teen  (o  have  the  arl  of  clolning  tire  a(  pleaTore.  Oti 
;emch  Ikle  of  the  largi::  hax,  wai  a  conefpondence  of  foiklWr 
Imxes,  .which  openetl  in  like  manner,  and  let  down  a  kind  oT 
^et  work  of  tire,  with  divifians  of  various  iarrat,  wliich  fiiooe 
like  buroiUied  copper,  and  flailied  like  lightning  at  eve/y  ta- 
paVii-  ill  the  wind.  The  whole  end«d  with  a,  Tolcaiw,  M 
eruption  of  artificial  fire,  in  the  grandeft  flile," — 5«e  Aaumoi'r 
£iitbajff  to  China,  i'oluiiK  III.  page  73. 


On  Ih  Cnrbonaienf  Pviajh.    By  M.  Stejuacher  •. 

Ciri«aitt«f  i_/HEMIST.S  knhw  thai  carbonate  of  potafh  well  Wnrtied,, 
JX^o^Tby  fo  «  <o  «ffl"";(ce,  can  only  be  Formed  by  miking  p«fs  Ihrfltijh  ' 
ftffing  (b{  g»  a  culd  alcaline  folulion  ■  quantity  of  carbonic  acid  faffici^tit 
ilt^M  fo'ulfoft '°  ""'*=  "  fpontaneous  cr y flail izBii oil.  For  on  flopping  ««„ 
(iU  itcr>nil-  ()i(nigagenienl  of  ga«  at  the  momtnl  when  the  earth  of  tlta 
li«i,  and  a«  g)!,^;  appears  to  be  depofilcd,  and  evaporating  llie  tiqgor  by» 
mild  heat,  there  are  only  laminated  cryltaU  obtBined,  which 
foon  d«li^uefce. 
The  icntle  Ei»t  Alkaline  tty  warmed  by  heat  of  (an,  according  to  the  m^ 
if  eiiiiu4«ii  liiod  of  M.  Ciiraudeau,  does  not  fucceed  any  better  in  form- 
"""^   "       'inga  welt  fatnrated  alkali  by  evaporation.    1  haveeitpffriciicei 

^1  that  'tis  cryftals  grow  moid,  and  the  author  himfelf  aCknow- 

'.   ledges  a  (light  deliqacfccnce. 
Velur>  tpt>^       I(  >•  generally  agreed,  that  the  apparatut  of  Welter,  ^ 

^fcribed  in.lhe  Iwenly-fevenlb  Volume  of  (he  Ann»le«de  Cbi« 


ad<^ted  i 
-  tNations 
^^t*  tube  V 

the  iniri>duflion  c 
-'•■in*!  tunnel.     Th 


its  place  ii 
the  dilpoSl 


■flhi 


Imod  all  lahoraloriet,  wrtlti  feme  ■!• 
I  of  ihc  firll  bollle,  to  wtjicb  i«  fixe) 
triple  perpendicular  curvature,  fof 
id,  or  a  lung  pipe  of  glafi  lerminaicd 
chalk  mixed  with  water  to  the  cbofifiencR 


L 


-  lof  thin  foup,  it  poured  by  d^reei  inio  Ihij  pipe,  whnA  H 

ilopped  by  a  glalit  rod  accordingly,  Mid  ihe  gat  it  fortwd 
'  Iraverlc  the  bollkj  containing  the  alkaline  ley. 

*  From  the  Annalet  ile  driniii  Tte^  H'fS 


i 
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Thii  incihod  h  in  my  opinion  attended  wiifa  much  iDcan>TtieK>tiHi 
«iizetice,  foi  when  a  lobe  witli  many  perpendicaUr  Hcxutes  "*' 
u  uTed,  it  mull  be  charg>:il  h  iih  a  column  of  the  fluid  fufficient 
to  coaateitrabnce  llju  prctTurc  of  the  carbonic  BCid  gai,  sod 
coiifeqiiehtly  to  give  an  ek'vaiion  which  expotei  it  (o  becBltly 
fctoken;  and  when  a  lorig  horizonUlpipeoTglaU  is  iimployed, 
il  ulien  happens  Ihal  the  clialk  it  exploded  into  the  air,  when 
(be  pifton  ii  opened. 

Another  method  appcart  to  be  more  Qmple  and  continoilioas  Simpler  mtthai 
than  (his,  which  is  foraethiiig  like  that  of  M.  Brugnalelli,  but  f°lj^*'' 
the  Iralbti  chemifl  has  nnl  publiflied  the  deuits  of  hit  meihod, 
withimt  which  it  U  impoflible  lo  be  followed. 

A  kilogram  of  chalk  ir  powder  is  lobe  put  into  a  bottle  wtlh 
two  or  three  netk-;,  capable  cf  conlaining  Vi  kilograms  of 
water;  on  this  k  to  he  pourud  a  litre  of  a  mixture  of  one  and 
JL  half  kilogfam  of  viiciuUcacid,  with  nine  kilogiami  of  fpritig 
water:  the  gas  i»  expelled,  and  a  truit  of  fulphaleh  formed  at 
llie  t'urfacft  of  the  cakaicoui  carbonaie.  At  the  end  of  (wo 
h'uui  all  the  reft  of  ihc  acid  water  is  to  be  added,  and  iJic 
t  '£  Lottie  fiopped  quickly.  Bubbles  of  the  gas  will  bu  ra[vdl)r 
1^  difengaged,  but  they  will  by  degrees  be  thfcliarged  more  llawlji, 
I  ^nd  continue  to  be  fo  modctalely  foi  Iwenly-four  hours ;  (ben 
the  imxiure  ii  to  be  flirred  with  an  iron  rod,  and  the  gai  arill 
continue  tube  developed  for  2i  hoiut  more,  with  little  In*  . 
leiruption,  '    • 

I  i^uiMJ  ibe  lorm  of  the  effervBfcence  prolonged  by  ill«  re-' 
finance  which  was  oppofed  to  the  a£lion  of  the  fulphuiic  itcid 
on  the  chalk  by  the  denfily  whtcli  the  combination  nccdTarily 
acquired;  which  denhty  the  Itndency  of  the  fulphuric  acid 
(ottugiaeut  ih&folubililyof  ihefulpluieof  Jime,  lixed  lo  pi»- 
pet  iiniiu. 

As  my  apparatus,  with  (lie  esoeplion  of  the  &iR  bottle,  i% 
the  fanK  of  lhal  of  M.  Pclleiicr  defctibed  in  iho  filleanlh  Vo- 
lume of  the  Annales  i  ihall  nut  fpeak  of  il,  but  only  make 
the  following  [cmaikii : 

1 ,  Pelletier  was  wrong  iti  negleAing  to  life  an  inttfrraedlate  j 

bottle  half  tilled  with  water ;  which  is  very  necvllMy  lo  fepa- 
raie  the  fulpburic  atid  which  the  gas  always  Uui^r  over. 

Q.  The  lube*  of  aiiuicli  diamctu,  betpg  too  diliicult  («  be 
bcnl,  may  be  replaced  by  others  of  feven  oreight  lines «pei lure, 
which  wiUdoequall/'Weli. 

T  i  5.  Th« 


ffj^  unitirovs  lorrift; 


..•     waler,  crjfialluBes  too  qoick,  and  IMEora  Um  predirf£l»tt  tt 


tfio-fiiei:. 


■j-': 


hr  cryibnusaiioof  gt  Ibe  temjientiira  of  fron  5  to  10  abovftO 

of  R«uimdr»  m  one  part  of  4iBSkd  water,  and  half  a  part 

ofpofifiB^p^fafli,.  .  .         .    ,,  .   ,     ^ 

/  ITt^e  refiutt  of  mjr  ezperimenti  ihall  im^lOTe  tte pMpura!- 

,tion  of  cwboiMUe  of  potaQi^  aiid  if  the  dUfofitlpb  of  iny  appa- 

fatos  preveots  the  neceffity  of  contiQiially  watcliill('tli  'direo- 

'  tion,  by  ffocfumg  wit^t  troahle  tfipt  gentle  and  contimnd 

]|>reiltiire,  ofWliich  jpdletier  perceived  the  eflteacyibr^  ftto^ 

ntfion  of  t|ie  aJkafii  I  have  realon  to  think  that  the  tnte  fKcakb 

of  chemiftrj,  I  mean  thofe  who  pradifd  IttMMcboMcrmj 

obfervadons*wilh  indulgence. 

•  •         • 

■  'I  jji  I I        ;      . '  "  .'  II  ■uriiH.ifiwi' 

XVI.  '  '..■•• 

J       ^    ■  •  :■.■-.   -.-  .  .  , 

A  tomiaoiit       IT  it  eafy  to  prepare  a  botlle  which  ihall  give  fbflkwnt  light 

ftwSf *  ieM*of*  ^"''"^  **  ^V^^  *o  admit  of  the  hour  being  eafily  feen  on  the 
BhofphorutiAft  dipl  of  a' watch,  as  well  as  other  obfcds,  by  the  foUowiog 

long  phial :  pour  meaW, 
on  it  boitiog  oiL 

The  fluid  wiQ  A  phial  of  dear  white  gltfi,  of  a  long  fonli»  fiiottld  be 
SiYc  Ught  in  the^hofen,  and  fome  fine  olive  oil  (bould  bcf  heated  to  ebnlUtion 
wbuiever^^  i"  another  veflel :  A  bit  of  phofphoras,  of  the  fise^  a  pea, 
coik  11  pulled  fhoald  be  thrown  into  the  phial,  and  the  boiling  oil  flMlikl 
^^  then  be  carefully  poured  over  it^  till  the  phial  ilk  ooeHliird 

filled :  The  phial  (honld  then  be  carefully  corked  i  and/  when 
it  is  tb  be  nted,  it  ihoold  be  unflopped,  to  admit  the  exlenial 
air,  and  clofed  again:  The  empty  fpaoe  of  the  ^ial  wiD 
then  appear  kmtnoas  and  give  as  much  light  at  a  dull  ordi* 
nary  lamp.  Each  time  that  the  light  difappears,  on  rcaioying 
'the  Hopper  it  will  inftantly  ropappear.  It  is  proper 'lo  ob- 
ferve,  that  in  cold  weather  it  will  be  neceffiury  to  wanoa:4be 
botde  for  a  little  vrhile  in  the  hands  before,  the:  Aoippet  Ji  re- 
moved, without  which  precaution  it  would  not  yield  any  light. 

*  Sonini*s  jouraiid. 

Apbial 


•  ^  .:. 


V. 


, ,  A,  pliia'  t^w"  prepared  may  be  nfed  every  night  for  fix 
jncwll^sf  die'reii  no  danger  oF  fire  from  it,  snd'iUcctfl'ia  very 
fraall. 


4w^M  of  tit  Magncfum  Earlh  nf  Baudij^o  in  CmunaU  fin 
tlic  DtpartmetU  of  the  Loire,)  knoua  by  Ifit  Name  of  Porcelain 
Earth,  unit  liilherlo  conjldtred  as  a  Clay.    By  M.  GloBEKT,* 

arlli  of  Baudiflero,  known  by  the  name  of  porcelain  Pnrulun  euth 
earlh,  has  been  hiiherto  conlidered  as  one  of  ihe  puteR  argil-  ^"^f  j'*,^ 
laceous  earlhs  known  in  the  hitlary  of  CuOils,  and  is  arranged 
in  our  cabinets  of  ininerali  as  nalive  alumine. 

ire  of  flone-ware  pollery^  which  has  been  uicd  u  fuch  S 
«ftabli(hed  at  Vineuf,  this  earth  ha^  been  ufed  for  a  long  l.me,  ^'^  ftoM-*"* 
as  a  clay  of  cxlraordinary  purity.     The  celebrated  Macqoer,  acaS, 
enii  with  him  Baumc,  to  whom  fpecimens  of  this  earth  were 
fent  from  the  above  manufaflure,  pronounces  pofilively  that  it  Variouitbeiitila 
was  a  clay  of  fuperiof  quality  to  that  which  they  ufed  io  the^^^' 
manufaflury  of  porcelain  at  Sevres. 

Dodor  Gioanelti  continued  to  ufe  it  in  the  manufadure  of 
his  fine  porcelain  at  the  fame  Vineuf;  and  he  enifageiTint  if 
not  an  analyiis,  at  lealt  fome  experiments  on  tbi»  earth,  to  al^ 
certain  more  precifely  llie  proportions  in  it  betwet-n  filex  and 
earlli,  which  be  believed  to  be  puiealumen.  Thefe  experu 
ments  convinced  Doctor  Gioanctti,  Ihut,  will)  Ihe  enceplion 
of  a  liiile  carbonic  acid  which  he  found  in  it,  the  earth  of 
BaadilTero  was  an  alumen  olmufl  perfeflly  pure,  or  at  lead  the 
purefl  that  he  had  ever  met  willt. 

This  chemift,  when  I  made  enquiries  of  him  relative  to  The  »lam!>i 
this  earth,  a  (Tared  me  frequently,  thai  picked  piecei  yielded  g^  p„„at. 
him  fomeiimei  ninety  per  cent,  of  aluroen,  including  a  little 
<^rbonic  acid*  and  that  in  the  grofs  it  yielded  conliantly  at 
leaf)  80. 

On  the  perufal  of  the  mineialogical  defcriplion  of  the  moun.  Oiher  atitbo 
Uiniof  Canavais  by  the  Chevalier  Napinn,  it  will  be  found '^* 
tbftt  Ihli  ellinmble  mmeralogifl  haa  not  helitatcd  lo  dccUie  the 
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eacth  of  Bau^iflfero  to  be  the  mod  pure  alumen  ever  found  in 

Piedqaont :  and.  a^ain  in  his  elements  of  mineralogy^  be  men* 

tiona  the  earth  of  BaudiiTero  as  native  aluroen. 

Contrtrytothefe     ^^^^  (^  poGtively  afTerted  by  fcienti^c  men  fo  eftimaLle  as 

mfertibns  this     Maquer,  Baome,  and  our  colleagues  Gioanelti  and  Napion^ 

Jlll^;;*^*'^]!^ admitted  no  doubt  of  the  nature  of  this  earth;  to  which  au- 

a^ali*  thorities  might  be  added  the  fuccefs  with  which  Gioanetli  con« 

(lantW  ufed  itin  V\%  porcelain  manufaflure. 

Among  a  number  of  refearchcs  which  I  made  relative  to  the 
arlincial  fabrication  of  fulphale  of  alumen,  I  employed  myfelf 
on  this  earth,  and  to  my  great  furprize  found  that  the  earth  of 
Qaudiflero  not  only  was  not  pure  alumeni  but  did  not  even 
contain  an  atom  of  it. 

-  *    The  town  of  BaudiflTcro  isiiUiatcd  at  lead  three  Icnpues  from 

Immenfe  q«an»  *>     r       .  ■ 

titiei  of  fulphu-  Ivree  and  from  Brozo,  this  lad  village,  as  celebrated    for  \\^ 

ret  of  iron  it     \^q^  mines  as  for  the  manner  in  which  they  are  wrought,  oon- 

tains  in  a  mountain,  among  other  minerals,  an  int'Khaudible 

mafs  of  fulphui'et  of' iron  of  a  remarkable  purity,  where  there 

is  edabliflied  a  inanufaAure  of  fulphate  of  iron  by  the  com* 

budion  of  the  fulphur. 

XAotercenteof     .  On  infpe£ting  this  manufa6lure  lad  year,  I  was  druck  with 

theneighbfliirinffthedngularly  powerful  a6lion,  which   the  fulphureous  acid^ 

by  fulphureous   fo^^^^  by  the  combudion  of  the  fulphur,  (and  of  whicli  a  part 

Tap:»urs.  expanded   itfelf  to  neighbouring  places,)    exereifed   on  the 

great  blocks  of  done. 

Thefe  dones  were  a  fort  of  granite  fdiidus;  and  the  ful- 
phureous acid  attacked  them  fo  forcibly  that  it  made  them  ex* 
foliate,  and  at  lad  reduced  them  to  a  fpecies  of  cfflorefcence, 
CT  white  powder  evidently  faline,  in  which  its  adringenl  lade 
announced  fuIphaie  of  alumen. 
Pi^l»abintT  that  '^^'*'  circumdancc  made  me  think  that  if  a  good  ar^II  wa^ 
fulphate  of  alu-  expofed  lo  the  aflinn  of  the  acid  it  would  be  alumenaled  ;  and 

might  be  advm- *^^  •"'^'^^^  ^^  BaudliTero,  which  I  believed  to  be  almod  pure 
tageoufly  made  alumen,  being  at  fuch  an  irronfiderable  didance,  made  me 
r?"  *J^ ^'"' conceive  the  hope  of  being  able  to  edablifli  with  economy  at 

Piedmont,  a  manufaflure  of  artificial  fulphale  of  alumen. 
Very  prornlfing  The  idea  of  this  edablldimcnt  appeared  lo  me  to  be To  much 
local aJvantagca.  ^fjemore  fortunate  as  there  was  at  the  foot  of  the  fame  moun. 
tain  which  contained  the  pyrites,  a  great  turbary,  which  ox- 
tended  almod  as  far  as  Chinfelfa,  that  is  to  fay,  aimed  to 
Baudidero^  and  which  might  furnidi  fuel  at  a  very  fmail  ex« 

penfc; 
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fKth;  and  it  Teemed  to  me  that  nature,  in  pladn^  at  one  fide 
■n  inexhauftibie  mine  of  fulphur,  and  at'lhe  oihef'  rnexh»uft. 
iblemalTci  of  llie  proper  earth  of  an  extremely  ratt  putily; 
and  between  them  an  abundant  Tupply  of  fuel,  of  the  fori 
inoft  proper  for  this  k!nd  of  worV,  had  done  Ili  uIisoU  in  fa- 
vour of  the  eilabliriimeiil  I  intended. 

There  only  remaineJ  lo  make  fome  experiments  with  a  view  Eiperimenti 
(o  afcerlain  the  mod  profitable  way  ol'  proceeding;  and  to  P™F"""'7' 
examine  principally  if  the  iron  which  is  united  (o  the  falpJiut 
in  the  pyritei,  would  not  be  injarioui  lo  the  fulphate  of  alu- 
men  obtained. 

With  this  defign  I  began  by  examining  the  aflionofthc  earth 
of  Baudiffero  on  the  fulphate  of  tron,  and  the  (juaniily  of  the 
earth'  necelTary  for  the  decomporition  of  a  given  weight  of  ful- 

pb.,. 

in  the  diflrei;ent  experiments  the  fulphate  of  iron  dilToIved  The  cinh  or 
in  water,  and  boiled  with  this  earth  indilTerenl  P''"?'"''''"'' ^  (■'j'^Ii" 
became  evidently  decompofed  after  boiling  for  lefs  than  a  quar-  phite  nf  iian  ii 
ler  of  an  hour;  the  iron  was  precipitated  of  a  blackifti  grey,  *^\.*^^'' 


ojftiUUf. 


it  formed  only  a  very  white  precipitate,  which  did  not  an-'*^ 
nomice  much   iron:   I  filtered  the  liquor,  of  whirfi  one  part 
ivas  mived  with  a  litde  potafli,  and  placed  fo  as  to  cryllalize ; 
and  lo  afcerlain  wheiher  ihere  was  any  potafii  in  the  earth  of 
Baudiffero,  I  fet  another  part  to  cryflalizc  without  any  alkali. 

I  obferved  that  the  Itquors  cry(]ailized  immediately  alter  be- 1,  g,^  fulptui* 
coming  cold ;  but  in  tiie  place  of  oflahedron*,  I  found  the  "''  migncfi*  ud 
moH  perfe^,  the  mod  beautiful,  and  puted  cryflaU  of  fulphate"^ 
cf  magnelia. 

The  liquor  which  remained  produced,  on  a  new  evapora-  Ail  tbecrrflili 
tion,    the   fame  pure  cryftaU  of  fulphate  of  niai'neGa:  and  *"""''!''' 
did  the  fame  on  ruccelTive  evaporations  and   crjfializalioni  lo  mtsncfii  ii  a 
t(ie  lafi  drop  of  ihe  iiq'jor.     In  this  manner  was  a  nalural  aTu-  "«ll«it  poi 
nteo  transformed  entirely  jrito  magnelia,  and  at  the  fame  in> 
flant  magnefia  became  at  once  an  excellent  porcelain  earth.     . 
If  examples  of  this  kind  (liould  multiply,  the  neccffil^  of  che- 
mic^  analyQs  for  llie  knowledge  of  fo|Iils  will  berrome  more 
and  more  manifell,  and  lefs  reliance  ^vill  be  learned  16  bei     ' 
placed  on  their  cxieroal  and  phylical  character!,  wbich  at  pr^ 
(ent  feems  to  me  to  b^  too  much  abufed. 
•  'J  ..-I  ■  ;-''  <  1.  b;:l  ifipcNiJ   M^KTi  .K.-fw  bn.    .jwTi.l.  The 
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,  y>rt  eirefol         The  above  unexpe^ed  refulis  enraged  me  (o  maV«  » "Oora 
r^;Si.?VeM examination  cf  lh«  «at(l,  of  Ba.JilTffo.  n^Avbi^li  iff 
<  .-~:4beobjeA  of  lilts  niL'moir.  ,    ,     .    ,.    ■(„.. 

At  ihe  (iine  when  I  fuuml  that  the  rupiiofcd  alumen  of  Bu*f>., 
dilTero  in  Canavai^,  was  /tally  a  inagntftan  eirlh,  I  kntttVi*^ 
no  other  esampli;  of  au  c'acth  Unly  magncllan,  but  Ih^t  ef  ll^T, 
earth  or  Salinclle,  ur  of  Sommiere.*,  'which  Beiartl  bad  iQai^fi^ 
'itiiown  C-^tuiaicsdtChhiiic,  Tbwt  XXXEX.  p.  65.)  ' '.     ,^'j. 

(hhcr  ipMunoti     In  tliia  magneGan  eariii  ibefu  is  no  miMiite  ol"  any  oihcr 
jrmjtive  mji-   ^^f^^^  except   filex,  and   thai   in  a  very  rmgll  piiip<.i'iiiii,   t.1 
fvLi^  fiuS'theiv  ar«  bat^fowc^ap^Ie*.,  ,  Bat  on  reKeiv^pg.th|B , 
IweinK  yoljime  oF  Brocfaant**  Mineratogyj  I.  ^B^^,llif|Vii|fi , 
ditpaveij  of  'a  m^tiefiap  ^ih  wsi  »npoiu^ed  ip  \\,  yfiif^  ff--. 
the  ftktivli  carbonate  of  tugnefta  fmind  )ay  DoAm  MHclte}<ilt>j 
RoobfcbilK  in  lllpnvia.     Ffomihi;  analji;A*T'')iM^'^B.#>*4!>*^ 
'**       ''ifjf  and  wl^cb  it  iDeniloned  by  Biochant,  we  m^  ^afTuried  J^n 
-    /tbetlattyejnUl>ona(eof  magnefia  □t'Mnr,ivial>Otmpol4^ 
•  '■' of  |niagiiefia' and  carbonic  acid  in  almoU  ^(lu^I.pjff,l|^,t>l>A  ^f- 
■jeilbwiOi  grey  colour  fpotledwilh  blacky  whi^_|j(pc|(H;  >Iil-| 
;  jABglviiilotdiiCiirlli,  feems  fufficicnily  lo  ii^i<^le.l^„(f]f.^n 
'^  ■■     ifiiepce pf  fom?  other  f9n(liM»ei)t  parU.   .Pfl..c9ffiB?^iiWi,fliftl 
<[baradert  dDdnature  of  ll)e  piag^ei)ai)^e«[tt|  <^,9^ifiif^  ^i,, 
will  ber  eafy  to  perceive  ihe  diferencet  wbiclf^cjj^,yi^iHflt,Jti-. 
fiotn  ihe  other  preceding  magncrisn  eartbt,  ..   ,.     i  ' 

l«^  Stw^oDfir  The  nugnefian  earth  of  QaudillVro  i;  fciuiid  dj/pofed  in  )^- 
~*  •- -^  y^  ^f,  alleatile  roc^,  of  vihich  the  njouTitain  is  compofefl.,. 
i- ihatenclofei  it.  It  ii  accompanied  by  an  horn-flono,  ,f(ni>C«j 
time)  bf  a  iranfparent  pale  colour,  fomt; limes,  when  id  d^ 
cpmpofilion  commences,  of  «  white  almofl  opaque.  .-Id  Uiii . 
Hate  (he  horn-Hone  doei  not  appear, to  be  thai  of  which  OoQaf  , 
Bonvoinn  has  given  the  defcriplion  and  analy&s,  ufidcT  tb9  ■ 
name  of  the  Hydrpphane  of  PJedmpnl. 

Our  magnciian  earth  appears  in  malTes,  fotnelimei  ip  roun^  r 
t  ilh  lump*  (mametoniiiSO  ■"') '^'>i'C''i»E'  in  fragi^enlf  moK  w 
lefi  large;  ihe  lump)  and  fragmenU  arc  fomettmet,  but  rai^djd 
luberculofe,  '  ,       ,  ,,    , 

.  Thii  earlii  is  of  the  moll  beaatiful  whilCi  in  which  it  diSer^ 
ftdmlhat  of  Moravia,  of  which. Ihc.cojour  it.aj'eUowifli  grej 
fpotted  wiih  black,  ard  from  that  of  Salinell^  at  pf  SomiqiN 
«res,  which  is  of  a  cbocolale  colour.  -  - 
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_  The liariliiefs  of  Ihia  earth  ii  variable,  fqmetjniei  ^  ^.^^ff l!^*''"**- 
in  which  flaie  I  flia^l  call  i(  Ihe  earlhy  fori,  and  fomc  pifcesof^^j^^,,^ 
.i[  have  a  coDfiili-iable  hardnef;;  as  in  all  tny  experiments,! 
(rlod  (hem  comjiarativel) ,  I   fliall  name  iliis  laft  variety  the:. 
Jlimi/ kin6,  lodiflinjiiii[h  it  from  ihe  preceding. 

The  flony  vTJtitlj  i^  rcniched  by  fteef,  fomelimes,  on  the 
contrary,  it  k  hard  enough  to  fcratdi  (lee!.     lE  can  be  eafilj  PuliwiUe,  (ho* 
reduced  to  powder;  but  wiih  much  diRicully  lo  very  Hne  po"- ^ntnTtaftT" 
der,  and  this  only  lake;  place  after  long  triinration  in  a  morlar  air- 
of  porphyry.     Il3  hardnef^  neither  Increafe   rur  diminifbci  by 
the  aftioti  of  ihc  airj  in  this  refpcfl  it  diifi-'is  fioni  the  magne- 
Ha  of  Moravia,  which  ii  very  friable,  and  from  that  of  Sali- 
nellet  which  is  foil  in  its  bed,  and  ouTy  grows  hard  on  exGc- 
Cation  in  the  ajr. 

The  frafturc  of  ihii  variety  is  conchoidal  and  unc(|iial,  Fnflun  «»• 

It*  furfacc  is  dull ;  rometini^'S  but  very  rarely,  iliining  fpotsjj"^  nnikt. 
appear.  It  in  conHanily  pert'eflly  opaque,  and  moderately  modentciy 
heavy;  itsfpecilic  graviiy  is  variable,  haty. 

It  is  a  little  iinflufui  lo  the  touch  in  the  friable  and  earthy  silghtljuna«- 
fwrl,  and  but  very  little  fo  in  the  It.iry  variety.  •"'  »'"'  >i^- 

It  fenfibly  adheres  to  the  tongue,  ihough  not  much;  it  ac- 
(]uiret  lhi.<  property  in  a  confiderable  degree  when  it  is  mo> 
ideralely  warmed  at  the  fire. 

Pluiigiid  in  water,  the  flony  variety  does  notabforb  it  at  alt ;  The  Torr  fpcd*     , 
the  friable  fort  abforbs  it  cTeediiy,  and  with  an  hitline,  but  ihe  ™""'"'*'^. 
iniviurc  noes  not  gtnw  nol,  likeclij. 

The  friable  fpecies  mixes  wilh  water  to  a  confiderable  de- 
gree, in  the  fame  manner  as  clay;  the  fine  particles  of  (liis 
'earth,  like  ihofe  of  tlay,.conlinue  a  long  time  hifpended  in 
water,  wilh  this  difference  from  ihofe  of  clay,  that  lliey  do 
not  unite  logelhcr.  Urged  by  tlie  blow-pipe,  on  a  cianile  Aie  mt  fufiUa 
cryfial,   it  is  infiifible.  V  *'  ^^• 

Treated  in  a  mafs,  on  (he  lire  in  a  crucible,  efpecially  in  a      ' 
red  hot  crucible,  it  Toon  decrepilatei,  and  divides  into  thick 
fcaly  pieces,  which  leap  out  of  the  crucible;    this  does  not 


happen  if  it  i<  healed  by  degrees  a 

tl  moderately. 

If  it  is  reduced  to  a  fine  poivd 

r,  and  ihen  trailed  on  Ihe 

fire,  as  foon  as  the  bottom  of  (he  c 

ueible  begins  lu  grow  ted 

hot,  this  earth  boil*  for  a  (hort  time 

and  leems  to  unite  loge- 

An 
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WjAiofcofone     An  bondred  parts  of  ibii  etrth  ueated  lo  this  manner,  until 
'  the  boifiog  ceafetj  after  an  boar  of  incondefcence,  became  te. 

duced  to  S5j  and  0«40.  The  earth  calcined  in  this  manner 
throws  out  that  bluei(h  light  which  has  been  obfervad  from 
common  magnefia,  ^ 

Giving  out  car-     If  the  calcination  is  made  in  a  retort  of  earthen  ware^.  ta 
boQic  acid.        which  a  fyphon  is  adapted^  and  plunged  into  a  botile  filled 
with  lime  water,  there  is  formed  in  the  bottle  carbonate  of 
lime;  fo  that  the  diminution  of  weight  is  partly  due  to  the  dif* 
engagement  of  carbonic  acid. 
It  coQtaios  a  A*thoufand  grains  of  this  earth  in  fine  powder  were  boiled 

^  funite  of  ^  in  fix  pounds  of  diftilled  water.     The  liquor  being  filtered, 
fiiBc.  and  then  efTayed  by  various  reagents^  prefented  the  fbllowiog 

refult*:. 

Will)  the  folutions  of  the  acetate,  nitrate,  and  muriate  of 
barytes,  the  mixture  became  troubled  ahsoft  innahlly,  and 
furraed  a  fcdiment  of  fulphate  of  barytes^  but  in  a  verjr  fmaii 
quantity. 

The  oxalate  of  ammonia  formed  oxalate  of  lime  with  it^ 
but  alfo  in  a  very  fmall  portion. 

Thefe  experimt:nts  repeated  diflercnt  times  on  the  earth 
both  of  the  ftony  and  friable  varieties,  conftantly  gave  tlie 
fame  rcfults. 

Lime  and  fplphuric  acid,  or  fulphate  of  lime,  is  therefore, 
aUhough  in  a  fmall  degree,  a  conftiluent  part  of  the  earth  of 
BaudifTcro  both  in  the  ftony  and  fofl  Hate. 
A  minute  por-       The  nitrate  of  filver  formed  a  precipitate  equally  with  both 
tion  of  muriatic  fj^rts  J  b^t  remark ible  difi'erences  wtTC  obfervcd  between  its 
BrrfcnTrn  the     <'ff^'cls  in  the  water  from  the  ftony  fpccies,  and  on  that  from. 
ftony  variety,      (he  (oft  variety  ;  with  the  latter  it  forqied  a  precipitate,  ivhlch 
colleded  in  a  powder  at  the  bottom  of  the  glafs;   but  with 
the  water  from  the  (lony  kind,  bcfuics  the  precipitate,    fila« 
ments  were  produced  condantly,  which  indicated  the  prefence 
of  muriatic  acid.     Many  times  the  *'  fuiphnric  acid**'  was 
firA  removed  by  the  acetate  of  barytcs,  and  after  filtration,  on 
being  treated  with  the  nitrate  of  filver,  flill  formed  a  precipi- 
tate of  muriate  of  filver. 

♦  It  is  not  clear  what  the  removal  of  \hefulpAttricacidmtntiOT\c€{ 

here  had  to  do  with  making  the  appearance  of  the  muriate  afjilyer 

fccm  extraordinary;  perhaps  it  is  an  crrcr  in  the  original  3  therrani- 

lation  is  literal  and  c«rre^.    B. 

3  X..t; 
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TJie  iiirufion  of  rtie  ftony  Tott  aflforded  differences  from  Ihe 
plheJ,  wifh  ammonia  alfiij  this  retgent  did  not  ever  froable 
ihe  infufion  of  fhe  friable  fpecies,  bul  alway*  Iroubled,  (hiiagh 
ftiglilly,  the  infufion  of  ihe  firm^  variety. 

Il  follows  from  lliefe  obfitvalions  that,  belidos  the  fuipliate 
t>S  lirt)<3  which  bolh  kinds  of  ihc  earth  of  BaudinerDcanlainvd^ 
Ihe  ftony  variely  held  in  union  inuriaiic  acid,  perlia[)s  in  coin> 
iiinatjon,  partly  with  the  lime,  which  there  was  not  filllicient 
fulphiiric  acid  to  faturale,  and  parity  united  to  another  eafih, 
which  was  iioi  lime,  lince  its  foiuiion  permilled  itfelf  lo  be 
decnmpiifed  by  emmonia;  and  it  will  appear  th^t  this  earlli 
wa*  ma^i|o()a. 

The  luTphurle,  nilrie,  and  rauriatic  acids  attack  this  earth,  Tbeani^MMl* 
when  it  is  well  divided  into  an  extremely  fine  powder,  "'jj  ^[  ^^^ 

Their  aflion  however  is  but  lillle  apparent,  but  on  iheleafl  cinh. 
aifdiiion  of  heat  it  becoraeii  flrnngly  marked.    Very  fmallbub-  ' 

bles  of  (;as,  which  rife  froni  il;e  bottom  of  the  liquor,  a  flight 
white  k'um  which  forms  iifelf  at  the  furface,  and  a  fmoll  hill- 
ing, fhewi  plainly  that  (here  ii  a  difengagement  of  an  aeri- 
form  fluid  or  efTerveftencc. 

When  Ihe  earth  hai  been  previouHy  calcined  in  the  fire.  With gr»iran« 
their  afltoti  ia  very  ditfereul.     There  is  not,  as  may  be  fore-  if  ^•^"''ouHj 

r  rr-  r  •  ,  -  ,  .  (lldneO. 

ffcn,  any  effervefccnce;  but  Ihe  mixture  grows  hot,  to  thai 
degree  dial  a  true  eballilion  cnfuesj  in  foroe  minutes  the  mik- 
}ure  afTumt'S  a  (blid  form,  caufed  by  a  kind  of  jelly  produced 
by  it. 

The  arid  whteh  has  Ihe  grealef!  aflion  on  it  is  the  muriatic  The  maHMie  *> 
acid,  and  after  Ihis  Ihe  niltic,  andlhefulphurlcacidafler  bolh.  1^"^^'^'™""  ,' 
This  lad  however  does  not  ditrolve  wilboul  much  iKfBcuIly  ihe  '  i 

wlmle  of  ihc  foluble  pari,  and  that  after  a  long  coniinoed  ' 

ebullition. 

Tlie  folulion  made  in  ihe  riofed  vefTel*  difpofcd  fo  as  that  the 
ga^  taky  be  nceivcd,  forms  with  lifne-waler  carbonate  of  lime,  , 

ivMth  cdnfinns  the  difcngagemcnt  of  a  lillle  carbonic  acid  bt- 
fore  indicated  by  the  calcinftlion  of  this  earth  in  the  fire. 

Tlie  folulJons  of  this  cirlh  in  the  acids  are  pctfeflly  colour- 
lefs. 

The  pruHJale  of  lime  or  the  oKalale  pf  smmooia  do  not  at 
all  (rouble  ihem- 

Amragnia  forms  wilh  liiem  ^.ff  j^i)^3!>t.fr^4l?j^l£r.  .  J*ni™oni»  pre- 

,-        rt       "      .'       .        ',      "Vka  e<pir»te4  fhc  fo* 


f9|  -'-K*«ftisnui>«*».*s^  r    -  I 

'  )1i0  coawon  nD&biratadcKlwatteof  poU&  Anudibt  I 

{xwipiuia  witb  fhea,        T.IVZ  1 

When  (his  carbonate  cesfes  lo  trouble  the  liquor,  ^nd  thaf, 

aTier  being  left  lo  rcltle  and  being  filteied,  the  dear  liqaur  it 

fubmilled  16  ebullition,  it  becomes  troubled  again  aod  throwi 

d'oWn  a  fecond  lime  an  eanJiy  precipilale, 

WutmBtVb-         Finally,  if  inHead  of  tlie  u n fa tu rated  carbonate,  the  car* 

«MBi  «ith  fc  bonale  of  polafb,  wet!  faiaraled  wllh  acid  is  ufed,  ibere  ii  not 

the  leaf)  [irecipilale  tuitned, 

TkiMrthlt  Experiments,  which   I  witl  relale,  (hew  not  on\j  ihat  Uif 

rwijB^|Dc^  0»rtlidiflblvod^]rthRacidiisiDa;;neGa.  but  i bat  there  is  act 

!.-";    ■'  -■  mixed  wiih  It  (hcleanparticleof  limu,  whidicaabedircovered 

^.'*' ■' .i'riv'  ^y  '''^  otalale  of  acnnioiiu.  that  there  is  nu  trace  af  aluroen 

■n.,.-,.    -t  ■  1-  in  it,  riliidi  the  faivinitea  carbonate  of  polqfli  precipitate), 

""'  and  doc»nnt  agjin  dlfibtve;  ihat  it  does  not  contain  the  leaft 

■  ■■J  oxide  of  iron,  that  can  be  indicated  by  the  prudiale  of  Iioiei 

and  finall)',  that  it  Is  ■n^nefi'i  perfectly  pure. 

At  It  ft«wn  bj      TIuj  refult  is  farther  confirmed  by  the  fulpbale  of  rnagneCtt 

tbafc^tes.      which  the  cryftalliaalion  of  the  rolution  of  this  eaitli  in  Tul. 

phuric  acid  yidd.^  exclllliveljr. 

'bUabkicUnfe      "^^^  ^'^"J'*  '"  diircilvitig  thU  MTth  leaves  a  reffdue,  the   qtiaiw 

orainabott      lity  of  wliich  [ecms   to  be  variaUei   that  which  ihe  fulphufii: 

*"*  Bcid  leave*  is  conftantly  more  than  what  is  lefi  by  the  muriatic 

or  nitric  acidi.     Aa  hundred  arid  twenty  grains  of  this  earth, 

"'  after  being  well  lixiviated  in  part-  waler,  Itl^  a    refijuc  of 

which  the  weight,  in  the  diSerent  experlmeiiU  yhlgii  I  niwle, 

.  x'lf    .      :'  (lid  not  ever  e:fceed  17  grains,  and  never  v^M  leTi  tfaw  I^* 

llie  ilpny  variety  ivai  that  which  in  general  gave  the  mctt 

<^  tbii  infolable  reGdue.     Many  experiments,  whid)  I  baf« 

nade^  *nd  which  it  vrould  be  ufeiefs  lo  repeat  here,  have  coh 

vtncedmethatthisrefidueis  perfefily  pure  file:;, 

l^iMiiiwiint  "^^  earth  of  BandifTero,  from  the  precedins;  experinienfsi 

Mcb  Kof^^  M&fifli  entirely  of  magnetia  with  ^  little  cjirbontc  aciS^  a  rmjU 

''^'  '.qnantily  of  filex,  and  a  njy  minnie  pprtion  of  fiilpliate  of 

irme,  with^  in  Uie  (tony  variety,  foine  trwet  of  mu^uiV  Pf 

ppgnefia. 

'  (To  bt  d^dudcd  in  Me  Si^anm.) 
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£xpermenls  for  alterlaining  hoxa  far  Telejiopa  will  enable  ^f^ 
to  determine  vtryfituti  Angles,  and  to  li^JUngui/h  llie  realfivm 
thejpurioaa  Diameleisofctlejiial  and  ttrrtjirial  Oi^eQ)  :  'lem 
an  Application  qf  tlie  ItelUlttif  ihej'e  Expenntmls  to  a  Serie^tf 
Ob/trvatioiK  on  the  Natureand  Magnilude  .y"  jUr,  H  *Rd  I N  cf  ^  ,"  ",i|'!,'^^^ 
lately  difcoraed Star.     £j(  William  HeRscMKi.,X.  i  A  .R» 

f.  R.  S.     Abridged  from  the  Phil.  Tranf,  1805. 

J.  He  dilbovery  of  Mr.  Harding  having  added  a  moving  ftqiliyli  W 
celefiial  body  to  the  lift  of  iliofe  (hal  w-te  known  before.  Dr.  ^^i^™"^* 
Herfchei  was  dtiirous   of  afcerlaitiing  lis  magnitude  :  and  as  »hith  the  eye 
in  ihc  obfervaiion!  which  it  was  neceirary  (o  make  tie  intended  ^J^'j,"J^^ 
chiefly  tu  ufe  a  teti-fcel  relle£lor,  it  appeared  to  be  a  defidera-  ,hF  Gjuicof  an 
turn   highly  worthy  of  invcfligalion  to  determine  how  fniall  a**)'^- 
diameter  oF  an  objec)  might  be  Teen  by  this  inflruTccnl.     It  is 
known  that  a  very  ihtn  line  may  be  perceived,  and  that  objefls 
may  be  feen  wlien  they  lubtend  a  very  fmall  angle;  bat  the 
cafe?  he  wanted  todeteunine  related  tu  a  viCbledilk;  a  round, 
wetl  defined  appearance,  which  mlghl  without  hefitalion  be  -''• 

sffifmud  to  be  eircufar,  it  not  fphcrictl.  ',j  ,^ 

In  Apni  of  the  year  I771-,  the  Diiflot  determined  a  fimilarThc  ■nttiM'i 
qu^flion  rehting  lo  ihe  natural  eye  :  and  found  that  a  fquare  ™^^f^^  " 
area  couid  not  be  diftingui(hed  ffom   an  equaJ  circnlar  one  till  gullh  ■  frntlkc 
the  diameter  of  the  latter  came  to  fubtend  an  angle  of  2'  17".  ^ij'f  .J^^„ 

He  dill  not  think  it  righ!  to  apply  the  fame  conclufions  (o  a  t^uii  iquuc. 
telelcopic  view  of  an  objefl,  and  therefore  had  recourfe  lo  the 
m  feriei  of  experiments. 

The  firft  courfe  of  evp-'riment,  was  made  with  the  heads  of  Eipcrimenti 
pins  deprived  of  their  polifli  by  larniOiing  them  in  the  flame  of  ^|^!^i^'C_ 
■  candle.     The  diameters  of  the  heads  were  meafured  by  e  jeat  waa  pbk*! 
microfcopicprojetiion,  wiih  a  magnifying  power  of  80.  Thefe 
meafure^  were  lu  exad,  than  when  repeated  they  feldom  dif- 
fered more   than  a  few  ten  ihnufandths  part  of  an  inch  from 
ead)  other.     The  focal  length  ot  the  minor  on  Arclurut  i( 
119,6-^  inches,  but  on  ihefc  ubjeflt  I2bfi,  and  the  difiaiicc 
Wdi  meafured  with  deal  rod;. 

And  tbc.refultof  this  experiment  wai  that  an  obje£l  having 

B  diameter  ,0425  could  be  ealily  feen  In  the  author's  ten-foot 

telefcopelo  be  a  round  Iwdy,  when  the  magnilied  angle  under 

wfaicb 
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Ktiicb  il  *ppcar«l  <ru  2'  1  ^",9,  and  lhD<  with  a  high  pov/tt 

■<S92)  a  pari  of  i(,  fjblcDdingafl  angle  of  0",iS+  bwj  be  eoi>- 

venienily  perceived. 

-^lit    >'  <>  i-^  ,i&-iWheii  Ibe  purpose  of  this  experiment,  wat  conrtdered.  liie 

'  '''  ',.'.*'  'C^il'  w^  »"'  found  fuiScicnt  to  tnf\va  the  ialention  ;  roi  u 

.1  .<    ihelize  of  the  objed  required  lire  ufuofa  low  poiver,*  dcubt 

-'1  -..  ■  -ir  ,v«jb  whelhvt  tlic  tnfirament  would  be  cqusUI)'  didind  wiiea 

'"  "  vhighci  fliould  be  required.    To  icfolvB  ihi«  qoeftion.  it  w« 

ui'ceiruy  itilber  to  remove  my  objc£U  to  s  greater  diSuxx, 

or  to  mak.c  thein  I'miiUer. 

W.h.jloV'i'"        2.  Small  globuiei  of  fealing-wax  wore  therefore  made  bjr 

.     "*"***•   dipping  ibc  point  of  a  fine  ucedie,  a  little  bested,  into  iU 

wbich  loolc  up  a  fmall  globule.     To  prevent  feeing  tlma  at » 

ditlance  in  a  diflfcrent  afped  fcom  thai  in  whidi  Ihey  wera 

Dicafured  under  (be  microfcope,  the  needles  wore  fixed  wilb 

fealing-wax  on  rmatl  flips  of  caida  before  tbe  mealUKB  wctl 

laken. 

By  this  experimenl  it  was  fuuml,  Ibal  with  a  globule  To  foiU 

St  ,007 <i 3  of  a  fubRance  not  rcflefling  mudi  light,   ihcoiag- 

nilied  angle  moll  be  between  4>  anJ  3  minulei  before  we  oa 

fee  it  round.     But  it  alfo  (hewed  that  a  lelefcape  with  «  fuC. 

cient  power  15'2'2)  will  liiow  ibe  dilk  of  a  faint  ohjea  <«li«a 

the  angle  it  fubtends  ai  the  neked  eyei«  iu>  more  Iban  of'fiSJ, 

OUofet  oT  fi!-      The  third  experiment  was  made  with  globuleiof  liUer,  A«»*i« 

yf*  objcfls  made  of  fealing-wax,  on  account  of  Iheir  txloar,  dtd 

•»,■-  not  appear  to  be  fairly  feleAcd  for  ihefe  inveftigsttoni,  a  f<* 

.1.-  of  filvrr  one*  were  made.    They  were  formed  by  running 

«nd  of  filver  wires,  the  ioilh  and  3  tOlh  part  of  an  inch  d«>' 

meter,  into  llie  tlame  of  a  candle. 

By  ibii  experiment  il  was  found  that  the  tclefcope  a&td  very 

well  with  >  high  power  (522),  and  will  Ihow  An  objrA  foth 

lending  only  O",'!^^  (o  large  that  it  may  be  divided  inlo^war* 

tori  of  il«  iiameler, 

£xp«i'tincn<s  The  fourlh  experiment  was  made  with  gk>balei  of  piMi^ 

wiih  nba  gin--  faea's.wax,  and  brimllone,  and  did  not  prove  fo  gencralty  8<W 

fitvfr  It  gruler  vanlageoui  a*  ihoCe  with  lilver  wbich  refleCleJ  more  lighl, 

diflancei,  kt.        And  a  lifili  and  fixlh  experiment  wai  made  with  llwfitar 

L  globules  at  greater  diflancei;  and  by  illuminalioni  at  ^igU' 
by  the  Rarhe  of  a  lamp  of  which  foi  brevity  Uie  pariiculkii  tn 
jbere  omitted. 
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.  Tfie  author  then  proceeded  la  make  direft  obfervaUont  on 
Ibe  rpurioui  diamelcn  ol'  celeTtial  bodies,  from  which  be  de- 
.duces  Ihc  t'ollowing  refulu  :* 

(I.)  As  the  diameters  of  fixed  flara  are  undoubtedly  rpurioos,  Spuimu)  d^ime- 
it  ioilovfi  thai,  with  thenars,  ihe  fputiou*  diameters  are  larger  ""ji"^^!^'^^ 
than  tlie  real  ones  which  are  too  fmall  lo  be  feen.  kiI. 

{2.)  From  mMiy  eftimalions  of  ihe  fpuriom  dlamelen  of  Ihe  ^'"' .»".'''' 
fiari  f  it  follows,  not  only  that  they  are  ol  di/Tetent  fizes,  but  cumftintci""' 
alio  ihat  Udder  the  fame  ciicum dances,  their  dimciilions  arc 
t)f  »  permanent  nature. 

(3.)  By  (bis  and  many  other  obfervatiotic  it  appears,  that  ud  Mtuun. 
.the  I'purious  diameters  of  the  ftars  are  differently  coloured, 
■nd  llial  lliefe  colours  are  permanent  when  circumflancei  are 
the  fame. 

(4.)  By  many  obfer  vat  ions,  a  namber  ofinflancei  of  which  Thsy  »re  Wi 
.  way  be  feen  in  Dr.  Herfcliel's  catalogues  of  double  flars,  their  *''*>  ^'S^ 
fpurioui  diameters  are  klTcned  by  increaling  the  magnifying  ' 

^wer,  and  increase  when  the  power  h  lowered. 

(3.)   It   \s  alfo  proved  by  the   fame  obfervations,  that  the  but  Dnt  prnpor- 
.  ificreafe  and  d^reafe  of  the  fpurious  diameters,  ii  not  inverfely  '""^X* 
«s  the  increafe  and  decieafe  of  the  magnifying  power,  but  in 
-,a  much  lefs  ratio, 

(6.)  The  magnifying  power  a6ts  uriequally  on  fpurious  di-Smiil  flinxe 
,  amclers  of  different  magnitudes ;  left  on  the  large  diameter!,  ""^  "'''^• 
and  more  on  the  fmall  onei:, 

(7.)  When  the  aperture  of  Ihe  tclefcope  il  lelTened.  it  will  tehi^nan 
occafion  an  increale  of  the  fpurious  diameters,  and  when  in- J'"  .*.'*'"'''' 

r  '  Ip.  oiitnettri 

Cieaftid  will  reduce  them,  ind  rmall  flitt 

(B.)  it  alfo  (bows  that  the  increafe  and  decreafe  of  Ihe  ""J?*!"^'*'* 

1    <-        -  1  1  1  -  ■  ''J'  ""•  ttunp. 

,  unequal  Ipunous  diameters,  by  an  alleralion  ol  the  ap«rlure 
of  the  teleft^ope,  is  not  proportional  to  the  diameters  o[  the 
ibri: 

(SI.)  But  thai  this  alteration  afts  more  npon  fmall  fpurious 
diameters,  and  Ids  upon  large  ones. 

{10.)  h'lom  this  we  find  that  ftars,  when  ihey  are  «X- Vcrf  rm>t1  Dtn 
tremely  fmall,  lofe  their  fpurious  diameters,  and  become  oe-'PP=^'"*'''^' 
buleus. 

•  On  this  fubjefl  fre  our  Journal,  Vol.  VI.  p.  n,  and  Fig.  I, 
?l»te  IV. 

t  S«  Citalogut  of  double  Start.  Phil.Trnnf  for  ITSS,  p.  115i 
andfbi  1785,  p.  -nj. 

(11.)  Many 
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jg|  fUewTODB  or  sk^ii  ciIiItml  bodiui.' 

nJBji  iti  (11.)  MmyoUwrqwftnatiM  ■  lAiMB ■»  Ihe  ipt 

J*Jj*J^  pmni  dinieUr  of  the  fpnrious  ififlc!  of  *c  flmn,  fbcli  u  tW 

KWfcMrtffll  fppcula  ifni!  lerfc* ;  But  lliey  are  fo  far  wilfail 

.   ths  MKfa.  of  oar  knowledge,  (hit  with  i  proprr  rrgvd  10. 

'   I'J  ^^  hUfibM^citovlio>i  he  has  drawn  in  Reni.  ['/  )  "  ih.l  an- 

.  ^fcrtlfcHiimlh^umflance^  llieit  dUncnltDR*  are  pemsncnt,* 

of  terrefirml  tt^tAi  ihifce^  1lftii^'|liM%'  i^BSE 

nt  WIOWIlHf'TnSnl  ?      '  '     '  I 

t— lirti       (I.)  The  larefbml  ftwrlou  8Tfa'  rf  gBihfttkprt'iitjLfc 

^IP^,  .:--■-■-' 

Ii  j^ii  I,  III!  '.t3.)  Tbo  Ie(>  {labile  ta  the  largcft  fpuilous  diSk.  Tbift 
rtiwriwlwiim^reei  Mtb'ihe^fmiMk  iflfkt  nf  celtRU!  abjeai :  the  ftari  of 
^  ^^'  the  firft,  fecofld,  and  tMrd  m^gniludp,  Imving  3  Ixrger  fputiou 

"dHk  tfliui  thafe  tlut  «re  (^  inli^iior  magnltodp^. 
MbvaJBI^tht  .  (S.)  Witb  refpeS  to  colours,  ilte  lerrefhinl  alfo  agee«  witt 
«Miil4        -'Dm  eelcftikl  fplirfous  difkr.  , 

L4vA         -    ■(*.)  tlie  flfitrriduii  diam(rtendf'nWi(lblMta,'t£rU^ 
fwf-Mf.      riaui  A'iOtt  oF  the  flan,  ■!«  pioptlillfliafly^lM'awdfyfmi 
''** '  cTes6ti|(  the  magnifying  power,  anil  iocMlM  ittcfcucpoinr 

Ittaetpnw.  f^-)  ^fic"  (^^  efttuialiohi  ar«  COTo^fed  wi^  dn  poiva^ 
««mUi(        '    it  will  alfo  be  fcen  that  the  incresfe  and  decrMftToT  the  fiai. 

riosi  diftn  nf  (he  globulffi  It  not  inrerUjr  •■  (bo  pnrmif  Mf 

h)  kntbch  fell  raiia,  ''" 

PoMv  iBm  If)  The  eff^a  of  anagnifying  pOWAll  MwqamRy  ii»rt«d 

BMnontaall  on  fparioui  diametcrj ;  and  ihst,  at  with  ccieOial  oojcAs  iv 
^u^tvpfp.     ^,(,  (pr^eftrja]^  ihi«  power  afii  more  on  (be  faall/ fj^wiatt 

diffci  than  on  Ihe  Targe  ones. 
Mdliinintioa        (7-)  Tlie  fpuriou)  lerreftrial  dilk*  alfo  rdemUe  thoft'of  Off 
p/ipattwaj       ftan,  by  increafing  wSen  (be  ipertere  b  lefoied,  M>d  de> 

creafing  when  i<  ii  enlarged. 
fTMUr  M  InUI       (S.)  By  thefe  exfMrimenti  it  )i  pra*«d,  (hat  (ho  iDfawfe 
^fa*  and  di.-creafe  of  the  diameter*  occafioned  by  diflknat  upv* 

lures  is  not  proporlional  to  the  diameten  of  Um  fpi 


*  It  appean  horn  the  eooteal^  dia  thit  arifta  fta*  thi  mnC> 
trial  rporioni  dilkt  being  formed  b]r  the  fiMtllpetpf  ntfittidii^ 
from  the  metallic  gbbnlef  aad  net  frsiB  i^  iriiala  ^mtttt^    - 
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(9.)  But  (Imi  the  cliange  of  tbe  apeflures  z&i  more  oa  tke 
(man,  and  Mi  cm  l)ie  Urge  ones. 

(TO,)  The  liinrious  dillt<  of  globulei  ate  loft  (or  wanl of  Thtfc dlflts ire 
proper  illurainulion,  but  da  not  change  iheir  magnitude  ""  T*  *n  "u^Jf" 
(bat  account,     I'he  biigblncf'i  oF  the  alinurpherc  in  a  fine  day  ligtii. 
ii  fufficreiit  <□  protlucc  tbeiu  ;   thoDgli   llie   illuminaliun  of  lh« 
San  ii  generally  the  piini^ipal  r'auTi:  ul"  tiiem. 

{MO  The  diamelers  of  fpurioiis  dilks  »fe  liable  to  change 
from  vujous  caufes ;  an  alleiaiiori  in  the  direAion  of  the  illu- 
tninalion  wrill  make  (he  tefleAion  come  fiom  a  ditfeient  pait  of 
the  glt^ule,  wliich  can  hardly  be  expeOed  [o  be  eqwally  po- 
lifhed  in  iti  furfacc,  or  of  equal  convexity  every  where,  being 
very  leldom  pctt'ealy  fpherical ;  but  as  upon  the  whole  ihc 
figure  of  the  III  is  pretty  regular,  ihe  apparent  diameter  of  (he 
fpurioua  dilk<  will  generally  return  to  its  former  die. 

Globule*  of  mercury  were  ufed  iiillead  of  (hofe  of  filver,  and  Matasii]  gto- 
wilh  the  fame  refulli.  ''"'"■ 

The  rpuriflu*  terreftrial  dilks  were  then  mearured  by  coiii-M':il'urem«ntar 
parinjt  ihem  wiih  circles  on  a  (ablet ;  and  it  was  found  that  a  Jl'""'"    *'■ 

•  "  They  ra«y  be 

variation  in  iheii  ijluminalion  did  not  aflcfl  their  magnitude,  diflinguiibcd 
It  wa*  alfu  found  that  the  rayj  from  Ihe  central  part  of  ibe  fi""  ie»l  *ilk» 

,  .  ,  ,     r      f  •         •  r  hvufing  firft  I 

mirror  gave  a  larger  image  ihau  thole  from  its  circumference,  c(n,y,i,  ind 
Si)  that  when  a  ctnlrdl  aperlure  of  tlnee  inches  gave  an  image  'hen  an  innulir 
correfponding  with  a  circle  of  0.465  inch,  an  annulur  opening  g^^  ^, 
frora€.}  to  8,8  i;ichesgave  only  0.1  ■$  inch  for  the  image:  and  ihc  in 
the  experiments  were  lullicienlly  vnricd  as  to  the  magnitudes  """  " 
and  fuuations  of  the  apcriurei  to  fliew  that  this  difierence  did 
not  arlfe  from  more  or  leti  light. 

This  property  of  the  mirror  feives  admirably  lo  diHinguilb  ^TiUli, 
fpnriout  dilk  Ixora  a  ml  one )  and  proved  to  be  fo  -m  irial  with 
terredrial  and  cclclUal  ubjeds. 


Objirvatioat  on  the  Nature  and -Wagniltdc  "f  Afr,  HAiiurMu'i 
latelji  dijl-oicrcd  Slur. 
On  tlie  day  Dr,  Hetfchcl  received   an  account  of  Mc.Oiktji&atM 
Harding'»  new  ftar.  which  was  ihe  'J-lih  of  September,  he '*'' P'*""  J""' 
dirededhi*  idsfcopeto  tliecatculaied  plaire  of  Ihe  new  objefl, 
and  noted  all  the  foiall  flars  w^lhin  a  limited  compafs  about 
It.     They  were  then  examined  with  %  HiDincl  high   mag- 
nifying power;   and  lince  no  difeieiire  in  iheir  appr-arancc 
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■a  WupCMtnllt^  U  bscane  neceOuy  to  allcnd  to  He  cli«r^ 
"■  Uiat  migHl  happen  in  Ihe  Tnualion  of  any  one  of  IbOD.  The^ 
WCfsdelukcatetluiiiFtg.  ),  (Plate  XIV.]  which  iiaoiereeve. 
drauglit,  10  iervc  at  an  ducidalion  lo  »  delcripiion  givoa  with 
tl  ui  Ibe  journal  i  and  the  fiai  marked  t,  vrai  llw  near 
objefl. 

Sept.  2d,  Being  ilie  firil  dear  nighl,  he b^an  a  regular  r»tiei 
of  obfurvatioiu:  and  a«  the  power  or  delermining  Cnall  snglet, 
and  dillitiilners  in  bowing  minute  dilkt,  wbeib«i  fpubeu^cf 
rttaU  of  (ho  inlirument  beofedon  thiiDocaGon,  had  been  (u&- 
ciently  invelligalcd  by  the  foregoing  ex(>crimenti,  there  couliL 
bo  no  diflicuily  in  llie  obrervaiion,  with  refourcei  thai  wrre 
(iMu)  To  weli  undeiAood,  and  liavc  now  be«n  to  liMy  aicct- 

■•  Mr.  Hsirding's  new  cele(li«l  body  pieoeda  tbe  veip 
rniall  Aar  in  Fig.  3,  bciwecn  '29  end  33  Pircium*  ■adit  a 
little  larger  than  thai  flai;  it  is  markeil  A,  fg  hut*  take* 
from  Fi]{>  !■  I  fuppole  ^lobe  of  about  lite  9lh  .HS({miu(lf, 
iu  that  llw  new  list  may  bs  called  a  fmall  one  of  the  Ulh." 

With  hit  ten-feel  rL-flcAor,  power  '^95. 3.  be  vtewsd  it  alien* 
lively,  and  comparing  it  with  q  and  li.  Fig.  3,  Ooiiltl  find  no 
(Ulfttreiice  in  the  appearance  but  what  mighl  be  owing  lo  it* 
being  a  larger  f!ar. 

fiy  way  of  pulling  this  to  a  trial,  he  cLangad  lbs  pai«rer  to 
87S,i,  bul  could  not  find  thai  it  magnUtcd  the  new  oae  nioif 
ihaa  it  did  the  liars  g  and  k. 

*'  I  cannot  perceive  any  dtlk  ;  its  apparent  magnilwle  with 
thi«  power  ii  grealer  ihan  thai  of  the  ftar  g.  and  alio  a  »crf 
Utile  greater  than  tliat  of  A  ;  but  in  the  finder,  and  the  pighl. 
glafji  g  is  cunfidersbly  fniallei  than  lli«  new  (Ur,  aod  k  ■■  alfa 
a  very  little  fmaller." 

Hecomparedit  now  with  a  liar  which  in  the  Itoder  appeared 
(o  be  a  very  little  larger ;  and  in  the  telefcope  with  6T9,i  [h« 
apparent  magnitude  of  Ihi)  liar  was  alfo  larger  Iban  tliat  at 
the  new  one, 

"  Aa  fur  »i  I  can  Judge  without  (eelog  the  aAentidt  of  Mr. 
Piazzi  and  Ur.  Olbers  at  the  fame  time  with  Mr.  UardinK''. 
the  Ufl  uufl  -be  at  leaH  as  Imall  aa  liie  fmaUcA  of  the  iarmaft 
which  i«  liiat  of  Dr.  Olbcrs." 

*'  The  Aar  i,  Fig.  1 ,  oblerved  Scpl.  24,  it  wanting,  and  vra> 
Ihercfure  the;  nhjcft  1  was  in  feaidi  uf,  which  bv  compulatioa 
uu(l  have  been  tl^at  day  in  ihe  plac«  wlicfe  1  law  it." 

"Tfc* 
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'  !tna'  Aew  ftu  htmg  now  in  (be  meridian  with  all  Ihofe  OhftrriiW  n 
kb  wbioh  I  am  comparirg   il,   and  ilie  air  al  tliii  altilude""^'""' J""' 
bong  vety  clear,  1  flHI  fiml  appeaiances  as  before  dercribed  : 
(be  new  «bje^  tannol  be  diHitiguifted  from  Ihe  flar«  by 
magnitying  power,  fo  ihal   ihi^  celeHial  body  is  a  uat  «f- 
teroid." 

Mr.  Bod«'iftan  19,  2.?  ifid  27  Cat!  arc  marked  7i»,  sndby 
comparing  Hie  aderoid,  called  Juno,  wilhlhefc  flsrs,  U  hal  the 
appearance  of  a  fmall  one  of  ihe  Sih  magnllude. 

Witb  regafd  to  the  diameler  of  JunO,  the  author  renlarki 
(liat  bftd  il  been  half  a  fecond,  he  mud  have  inHaDlly  per- 
ceiwcdavilihledilk.  Sucliadiametert  whenhcfawit  magni- 
fied BTi>,4  time*)  woiild  have  app«ated  under  an  angle  of 
7'  t9",T,  one  half  uf  which,  il  will  be  allowed,  from  Ihe  ex- 
petimenli  that  have  been  detailed,  could  not  have  ef^^ped  hit 
notice. 

0&,  I.  Between  Hying  cluudt,  ihc  afleioid  was  feen,  which 
■initftiuc  flarty  form  has  left  ihe  pbce  where  it  was  feen  SepL 
?d.  It  has  taken  the  path  in  which  by  calculation  it  wa*  bx- 
}u:£led  to  move.  Tht) afcerliuns  that  nomillAkeintbe  Aar  wai 
made  when  lall  obferved. 

OH  2,  7*.  Mr.  Harding's  aflcroid  h  again  removed,  but 
ii  too  law  for  high  power*. 

S^  :10'.  Viewed  it  now  with  230,3  2as,4  4I0,S  41)^3  and 
,  ^78,4.  No  other  dtlk  was  vifiblc  than  that  fpiirious  otie  which 
furh  fnjall  Hats  hitve,  and  which  U  not  proportionally  mag* 
■m&edbj  power. 

With  288,4,  ibe  Alleroid  bad  a  larger  fpurions  dift  than 
a  &u  wliich  was  a  lilde  lefs  bright,  and  a  finally  fpWioiil 
didt  than  another  flar  that  was  a  little  more  bright. 

Oa  5,  with  410,5.  The  tiluation  of  the  afleroiJ  ii  nowal 
in  fig.-^.  Its  difk,  which  is  probably  the  fpurious  appearancB 
uf  fUrs  of.  ifiBt  magnitnde,  was  compared  with  a  larger,  an 
«qual,  and  a^maller  Aar.  Il  was  lefs  than  the  fpurioui  diHc 
of  Ihe  larger,  equal  to  that  of  the  equal,  and  larger  ihaD  that 
of  llie  fmaller  Rar.  The  gradual  difference  between  the  ihre« 
,  S»n  is  exceedingly  fmall. 

"  Witb  4;«6,j,  aiid  the  air  uncommonly  pure  and  calm,  I  fes 
ft>  well  that  1  aro  ceil^Jn  the  dilki  if  it  be  not  a  fpurioiu  oue, 
if  lefs  than  oue  of  the  fmallefl  globules  1  faw  this  morning  i^ 
(he  tree." 

U«  "    The   . 


k. 


'  Obfervatloni 
'  the  fluel  Ju 


11     Tiiediameleroflhisglobule  WB!  ,02.   It iubteiidei)  Mangfe 
"' o!  Q",i-29,  and  was  of  fcaliiig-wax ;  had  i(  been  a  fitW!#  Wie, 
it  would  have  been  flill  more  vilible. 

With  879,4.  All  compatalive  mognrtndes  ofthe  afleWM 
andlUn,  remain  as  willi  WU.S.  " 

Tbe  minuie  double  flar  c/  Ophiuchi  •  was  fecn  in  liigh  per- 
feflion,  which  proves  tlist  the  air  is  clear,  and  tlte  l«>efcoi)ft 
in  good  order. 

The  afleroid  being  now  in  the  meridian,  and  Ihe  sir  very 
pure,  Ihe  comparative  diameter  feeras  a  little  larger  than  that  ■ 
of  nh  equal  liar,  and  its  light  alfo  differs  from  dar-lighr.  IN 
apparent  magnitude,  however,  can  hardly  be  ef]uat  to  that  of 
the  rmallefl  globule  obferved  this  morning.  This  globule  mea- 
rLired,Oi:i53,  and  at  the  di /lance  of  9d20,'i  inchei  fubleiuled 
an  angle  of  V.^M. 

When  the  afleroid  was  viewed  with  879,4-,  more  InixiheCi 
was  found  thr.n  an  equal  flar  would  have  given  :  but  tkJi  ifce 
Doctor  afcribes  to  want  of  light.  What  he  calls  an  equal  flar, 
is  one  that  in  an  achromatic  finder  appears  of  equal  Trghl. 

Oa.  7,  Mr.  Harding's  afleroid  has  continued  its  reliwgnrie 
molion.  The  wcaihcr  is  not  clear  enough  to  allow  Ihe  urnof 
bigh  powers, 

oa,  S.  If  the  appearance  referabling  the  fpur ious  diflw  of 
.  fmall  flars,  which  I  fee  with  410,5  in  Mr.  Harding's  afleroid, 
Ihould  be  a  real  diameter,  its  quanlity  (hen  byefttmalion  may 
amount  to  about  0",3.  This  judgment  is  founded  on  the  fi- 
cilily  with  which  I  can  fee  two  globules  often  viewed  for  this 
purpofe. 

The  angle  of  the  firfl  isO",W9,  and  of  the  other  0*,Sl*; 
and  Ihe  afleroid  might  be  larger  Ihun  the  latter,  bat  fer^ainly 
was  not  equal  lo  Ihe  former. 

With  496,3,  there  is  an  ill-defincd  hazy  Bp{tearMiO*,  But 
nothing  that  may  be  called  a  dilk  viflble.     When  thai  U  a 
,  glimpfe  of  more  conilenfed  light  to  lie  fcen  in  theCCBlrfe;'!?  ji 
to  fmall  llial  it  mufl  be  lefs  than  two.ienihi  of  a  fecond.    ' 

To  decide  whether  this  apparent  condenfed  Ifghl  was  s  real 
91, (parlous  diik,  he  applied  dilferent  Itmilalibni  to  Ihekperlore 
of  the  lelefcope,  but  found  that  the  light  of  the  new  fta*  was 
too  feeble  to  permit  the  ufe  of  them.    Fma  )hh  he  condlufied 

•  See  Cat.  of  double  Stan,  I.  ST. 
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Ibat  an  increafe  of  light  might  now  be  of  gre>t  ufe,   and  ObftmtioR)  ■ 
fine  lO-feet  mirror  of  2*  inches ''"P'""'J»"! 


viewed  the  alleroid 
diamel«r,  but  fojnd  that  nothing  iva«  gained  by  the  change, 
The  tejnpcrature  indeed  of  Ihefe  large  mirrors  is  vcrj  feldom  ' 
the  fame  as  thai  of  the  ait  in  which  Ihey  ate  to  afl,  and  till  a 
pwled  uniformity  lakes  place  no  high  powers  can  be  ufed. 

The  sDetoid  in  the  meridian,  and  (he  night  beautiful.  After 
many  rtpcated  comparifons  ol  equal  flars  with  the  aderoirf,  I 
ibink  it  (hows  rsore  of  a  dilk  than  Ihey  do,  but  it  h  lo  fmall 
thai  it  cannot  amount  to  fu  much  as  5-tent!)i  of  s  fecond,  or 
at  lead  to  no  mure. 

Il  it  accompanied  with  ralher  more  nebuloflly  than  ffars  of  ■ 
(he  fame  fiEe. 

The  nighl  is  fo  clear,  (bat  I  cannot  fuppofe  vifion  at  fti» 
altitude  lo  be  lefs  perfeA  on  the  Rats,  than  it  is  on  day  ob< 
jefls  al  the  dUlance  of  600  feet  in  a  direAioh  atmofl  hori- 
zon lal. 

0&,  II,  By  comparing  the  allcioid  altertialely  and  ofien 
vrith  equal  Rm,  its  diHd  if  it  be  a  real  one,  cannot  exceed  2. 
oc  at  mofi  ^-tenths  of  a  fecond.  This  efliroalion  it  founded 
on  llie  compaialive  readinefs  with  which  every  fine  day  I  have 
Iceii  globules  fublending  fjch  angles  In  the  famer  telefctipe, 
and  with  the  fame  magnifjing  power. 

"  The  aileroid  is  in  tlie  meridian,  and  in  high  pcTfefticm. 
I  perveive  a  well  defined  ditk  that  may  amount  to  2  or  S-tenths 
of  a  fecond ;  but  an  equal  flac  Ihows  exaflly  the  fame  ap- 
pearance, and  has  a  dilk  as  well  defined  and  as  large  as  that 
of  ibc  afleroicl." 


HejiiU  end  Application  qf'  the  Eiperiiiicnls   and   Ol/Jirraliom. 

We  may  now  proceed  to  draw  a  few  very  ufeful  crinclDfions 
from  the  experiments  that  have  been  given,  and  apply  them 
to  ihp  obfervalions  of  the  flar  difcovercd  by  Mr.  Harding; 
and  alio  lo  the  limilar  flart  of  Mr.  PiazKi  and  Dr.  Olbers. 
Thsfa  kind  of  corollaries  may  be  eKprclTc-d  as  follows 

(I.)  A  fO-feei  teflcflot  will  Ihew  (he  fpurious  or  real 
di&s  of  ccIeKial  and  tcrre/irlal  objefls,  when  iheir  diameter 
11  J  of  a  fecond  of  a  degree ;  and  when  every  circumflance 
it  favourable,  fach  a  diameter  may  be  perceived  fo  diftinAIy, 
thai  it  can  be  divided  by  cftimalion  into  two  or  tbree  parts, 

■[2-)  A 


* 
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"f''*"J''"-orf«J„in  grdedo  be  feen  as  a  rqunci,  wetl  defiped  M^f.. 
requires  a  dijlin^  tn»gn\(y\p^  power  o{  5  or  6  huDdredf  dad 
Toud  be  fuflkienlly  bright  lo  b«ar  itiat  puAcr. 

(3.)  A  rcftidiikof  lialf  a  fecond  in  diamet^  wi(l  bepWOfi 
fo  much  largei  by  Ihe  application  of  a  magnif/in^  p*^*"  P' 
S  at  6  hundred,  thai  il  will  be  eafily  dJlinguilheH  (tam  ta  , 
eqijatrpiirioos  one,  llie  laUcr  nol  being  aflefled  by  poWer|i(j, 
(he  fame  proporiion  as  the  former.  .^^./ 

(4.)  Tbc  difrcrciir  e^^;  of  the  inlide  anc(  oullid^  mf 
of  «  inirr<u',  wilii  legard  lo  ihi:  appearance  of  a  dilK.  )^,4 
crileiion  thai  will  (liow  whether  it  is  teal  or  Jpuflpuif  fi'^^ 
vidad  its  diamelei  ii  wore  than  J  of  ^  Iccond.  ^^,  , 

(5.>  Wheti,  difltPj  either  fputiuut  ot  leal,  ?re  lefs  t!i«n.  ijif 
a  (econd  ID  domeler,  ihey  cqniio^  be  diftinguiUvd  from  Baj;ji 
other;  bocaufe  the  msgnifjitig  power  will  nol  be  fuflicii^al  To^ 
maka  liiem  appear  round  and  well  defined,  ^       ri    - 

(ri.)  The  lame  kind*  of  experiments  are  applicable  to  lelj. 
fcopn  of  diSWent  forts  and  llzes,  but  lyili  give  a  i]ifliit«n[  . 
rcfull  for  the  (juaoiity  which  lia.i  been  Dated  aX  J  of  a  fecnnct. 
,  of  a  degree.     This  will  be  more  when  llie  iiifbuiBeiit  is  left 

perfed,  and  lefs  wh«n  i(  is  more  To,  It  will  atti)  di^e;  «vfp 
with  Ibe  fame  indrumenl,  according  lb  the  clearuei^  p'-l^ 
air,  the  condition,  and  adjunmenl  of  the  roitrors,  and  the, 
piaflical  habitt  of  the  obferver. 


fSrl' 
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AceoutU  o/Jboie  tinu  Impi-ovemeTitt  on  Steam-Ene^iK*.    -fyMf^ 
Arthur  WootF.  l-  i:'.  . 

T  ■... -..li  Wi. 

IN  our  eighth  vclumei  p.  2^2,  we  gave  a  (hort  ^/^at^yt^^ 
a  former  improvement  made  by  Mr.  Woolf  qji  llie  fleam* 
engine,  founded  on  a  difcovery  ihal  Aeam,  of  any  bigliei 
lempeialure  than  that  of  boiling  water,  if  allowed  lo  paCi 
into  another  veDei  kept  al  the  tame  lemperaiure  a»  the  I^b^ 
iite\{f  will  expand  to  a;  many  tioies  iw  volume,  and  Oi'l  '>' 
equd  lothe  prctTure  of  the  common  atmofphere,  a>  ib«  niutu 
ber  of  pounds  which  fuch  fieam,  before  btjnjf  allo^ved  l^iCiLr 
pa4id>  could  msintaiu  on  each  ftjuaie  iucli  of  a  laicty-valve 
espo&d 


H 
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CHpoItid  la  lli«  atmorphere ;  for  example,  ibal  inallbt  or  qoan>  Mr.  W<»ir>     ' 
tiliei  of  fleam  of  ihe  expanfive  force  of  20,  30,  or  50  po""-!' JJ^J^^J^^'^** 
(h«  fquare  inch  vf  a  conmon  fa r^iy- valve,  will  expand  (o  SO, 
SO,  or  50  lime«  ils  volume,  and  flill  be  letfefklvily  equal  to  ' 

(he  almofphere,  or  capable  of  producing  a  lufficient  a^ion 
againO  (he  pillon  of  a  ffearn-erglne  to  caufe  Ihe  &me  lo  rif* 
in  the  old  engine  (with  a  counlerpoife]  ol'  Is'evvcomen,  or  la 
be  carried  inlo  llie  vacuoui  pari  t>f  liie  cylinder  in  the  im- 
proved engine!  fiift  brought  into  effeft  by  MeSn.  Botillon  Hn4 
Watt, 

In  confequence  of  this  difcovery  Mr.  Woolf  was  enabled 
lo  life  his  ftcam  mice  (if  he  chofe),  and  with  complete  eC 
S>i&t  nothing  more  being  necelbry  than  to  admit  high  llwB, 
fuppofe  of  40  pounds  the  fquare  inch,  inlo  one  cylinder,  (o 
work  there  by  ils  cxpanfive  force,  and  then  to  allosv  the  fame 
fteani  to  pafj  into,  and  expand  itfelf  in,  another  cylinder  of 
forty  limes  (he  (ize  of  Ihe  firH,  there  lo  work  by  ccmdenralicu) 
in  Ihe  common  way.  Or  wiih  only  one  cylinder,  by  admlU 
tin|r  a  proportionally  fmall  quantity  of  high  (learn  inlo  it  from 
Ihe  boiler,  Mr.  Wuolf,  fouad  that  he  could  tSefi  a  confidei* 
»ble  favlng  in  fuel. 

In  Uiis  firfl  improvement  of  Mr.  Woolf,  ihough  Ihe  faving 
might  be  carried  a  conliderable  length,  it  was  Dill  neceOarily 
limited  by  the  flrenglh  of  maleriaU;  for  in  Ihe  employment 
of  high  fleam  there  raufl  always  be  foine  danger  of  an  oxplo- 
fion.  Mr.  Wnoll",  however,  by  a  happy  thought,  has  com- 
pletely obviated  every  danger  of  this  kind,  and  can  now  lake 
the  full  advaiflsge  uf  the  expanfiwe  principle  withoal  the  leaft 
danger  whatever,  Tiiis  he  effcfls  by  Ihrowing  inlo  common 
fleam  the  additional  temperature  neceifary  for  ils  high  expan- 
fion,  q/itr  tlitfieaiH  is  mj.«j((erf  iiUo  Oic  uorking  cylinder,  which 
is  healed  by  means  adequate  to  the  er.il  intended  to  be  gained ; 
and  ihe  advantage  Hhiiii  he  [hits  ijains  he  cS^ctually  fecures  by 
a  mod  ingenious  improvement  in  the  piflon.  It  may  be  ealily 
conceived  that  Ream  of  fudi  high  rarity  as  Mr.  Woolf  employ;, 
could  not  be  made  fully  effeflivB  wiih  ihe  piHon  in  common 
ufe;  for  in  proportion  lo  in  rarity  fo  mufl  be  the  facility  with 
which  a  portion  of  il  would  efcape,  and  pafs  by  ihe  Gde  of  llio 
pidon  to  the  vacuous  pari  of  ihe  cylinder :  but  Mr,  Woolf'a 
contrivance  feems  perlVflly  adapted  to  prevent  the  lofs  of  evan 
the  fipallell  poriiun  of  ihe  licara. 

^fi(l«4 
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Betides  thefe  icnprovecrienls  on  the  common  fleam-engine, 
he  has  alfo  found  means  to  apply  (he  fame  principles  to  the  old 
engine,  known  by  the  name  of  Savary's,  io  (uch  a  way  as  to 
render  the  fame  a  powerful  and  (economical  engine  ior  a  great 
variety  of  purpofes. 

Such  is  the  outline  of  Mr.  Woolf '&  improveme;)U  on  (his 
ufeful  engine :  but,  for  the  general  information  of  pniftical 
engineers,  we  fliall  fubjoin  a  more  technical  defc^iptioDj  in 
Mr.  Woolf's  own  wordsj  cxlradled  from  his  (peciiicatioo  «f 
his  paten f, 

CTo  he  continued,) 


SCIENTIFIC  NEWS. 

Geometry, 

Two  theorems   Ai-UYGEKS  has  given  the  two  following  theorems  in  his 

from  the  Ho-    fJorologiuyn  OjlHlaiOTivm,    which  are  applicable  to  all  foTid 

roKinom  or  § 

Huygcas.  bodies :  **  The  center  of  ojcHlntio'n,  and  that  of  Jk/penfion  arc 

aiu:ays  reciprocal  to  one  another.     The  fame  body  is  iilvcayt  ijb' 

chronal  to  itje{f,  white  it  ofcillates  round  pcaccMvl  ariit*s  taken  at 

erj rial  dfflances  from  the  center  of  gravity,     M.  Biot  has  gireii 

a  remarkable  cxtenfion  to  theft*  two  theorems, 

—extended  far-      All  lliefe  parallel  axis's  form  the  furface  of  a  right  angled 

uicr  by  M.        c}ljivier  of  which  the  axis  palles  through  the  center  of  gravity. 

Bui  the  analytical  exprcflion  under  which  M.  Biot  prefents 

the  theorem  ol  Huygens,  made  him  inftanlly  perceive,  that 

an   arbitrary   inclination    might   be  given  to  this   axis,    the 

radius  of  che  cylinder  being  fuitably  changed  at  the  fame 

time;   and  that  llms  according  to  the   difTcrent  degrees  of 

inclination   of  the  axis,    an  infinity  of   cylinders   might  be 

obtained.     The  fuperficies  of  which  cylinders  fliould  have  the 

fame  properly  as  that  of  the  primitive  cylinder.     Befides  this, 

the  axis   without   changing    its    inclination  may   defcribe  a 

conical  fuiface  about  its  primitive  pod  (Ion,  which  will  multiply 

the  nurriber  of  cylinders  already  found,     as  often   times  as 

right  lines  can  be  conceived  to  be  drawn  on  the  upper  furface 

of  the  cone. 

3  Jfirtmomy^ 
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AJhonomy. 

M.  Piclef  h(i»  msile  an  nbfetValioii  «f  an  occullallon  of  iKc  M-  'lAit  on 
pleiotlet  by  (he  roWoit,  on  l!ie  U'tli  of  Nimnibcr,  1304,  Ifrom  ^/^'J'J^J^'L  , 
llic  OWcrvalory  of  Geneva.  'he  moon. 

An  Bcceunt  of  an  ncculiaimn  of  <r  fcorpion,  cbfcrved  onM.  MMhi'mo 
lh»  ITlh  of  Jitiy,  m03,  from  ihe  rucnmit  of  Cafulela,  aof%"Vt^l^ 
niounlain  in  Ihe  kingdom  of  Spain,  wa«  (bund  emonj;  ihe 
papcn  of  the  late  M.  Mechaiii,  which  will  appear  in  llta 
6lh  Volume  of  ihc  Memoits  of  the  French  National  Iiillilule : 
this  h  llie  laft  oblervaliun  of  tbls  kind  made  by  a  man  of 
fiience,  whote  premature  lofs  ihc  Infiilutc  will  long  regret. 

A  long  fiicceflion  of  obfervationi  was  alfo  found  among  uijafthiCMKI 
ln%  paper;,  relative  to  ihu  comet  wb^tb  he  had  difcovcred ""  '"3* 
from  Barcelana  in  1TS3,  which  will  alfo  appear  in  the  f^unc 
publication. 

Crogriiphy, 
,    M,  HumboUl  has  read  belore  the  Infiitute  Rationale,  A  The\on^t\\it<if 
Mcufoir  oa  tlic  J^iiqilude  qf  MexUo,  ihe  capital  of  the  king- "."'"''««" 
clom  fu  called.  by  M.  Hum-  ' 

,  Geugraphen  difagree  with  regard  to  the  pofition  of  tliii  t"Wi. 
impqrianL  point.  Thu  confidcrable  difference  which  M. 
Jjumboldt  found  between  his  firfl  obfeivation,  and  ihu  lafl 
which  had  been  tbtmeily  made  by  others  before  faicc,  engaged 
tiiiu  fo  repeat  it  as  often  as  he  could,  and  by  different  riielliods, 
Tlie  diftaiite*  of  the  niiwn  from  the  (lars,  and  feverd  ecliplci 
of  J  ftp  iter's  moons,  always  gave  the  fame  refult,  which  \s 
doiibtleul^'  ptcferoble  lu  all  Ihofa  wbicb  bnc  appeared 
hitherto. 

Since  Ihe  difiovcry  of  eleflrical  conduSors  by  Dr.  FranL-Comiuaorcoa- 
lin,  many  philofoplicrs  have  repeated  expetimcnti  to  eftablifii '"""'  ^.f"^ 
Ihc  idenlity  of  eleflrical  tito  and  lighlning,  by  experiments  ' 

with  fuch  infolaled  conduflors. 

Thcfe  experiments  fucceeded  lo  the  wifli  of  all  who  tried 
fliem  ;  but  it  was  foon  perceived,  lliat  they  were  aUen(le4 
with  much  danger :  and  linre  the  death  of  ProielTor  Ricbiun,  i 
of  Peterfburg.  who  was  flruek  by  tigbming  from  his  con- 
ductor in  1753,  few  hare  ventured  to  repeal  the  experiment. 
M,  Beyei 


■  ClBHTiriC    K«W«. 

M.  B«yer  of  Purii  lias  formed  in  hii  garden  an  spparaloff' 
or  ihis  kind,  which  it  v«Ty  Tiinpla,  and  at  the  Tame  tinw 
cmbt'iBAMcd  perfedly  elf^ual  without  any  clanger:    It  It  a  condudoc 
tUifcrr.*^  which  can  alliunalely  at  pjeaTure  be  inlolated,  oi  uol  infoUle^ 

and  made  to  ad  either  widi  a  boll,  or  with  a  puJot.  Tbt 
commuiiicaliorM  between  it  and  the  tjarih  are  well  ertal{,IiAwd, 
and  a«  the  ubrervatioiit  can  be  nude  at  more  than  an  hjiadiMl 
feet  Iruin  the  a)ipBra(iit,  there  ii  not  the  koH  danger  of  any 
acculeul. 

^erafiatitm. 

B^noen  ptojea-      f^  Celebrated  Aeronaut  Roberlffin,  who  tfeended  froa 

bcr'fon,  lit  (ctt  t'cterfcurg  lalt  year,  is  endeavouring  to  obisin  the  necelfarf 

^HiKitr,  Blfiflntice  al  that  place  for  the  conftraflion  of  an  air  bailoan 

tojarry  tf  y>    ^^  ^  ^^^^,  ^^^^^  j^j^ .  1^^  propores  that  il  (hall  be  7?2  feet 

\n  diameter,  which  he  i-alculales  will  carry  up  37  inn,  an4 

which  he  fi:ppofe»,  therefore,  will  earily  fupport   50  peophSf 

and  all  necclTary  accom  modal  ions  fur  tlicm. 

■ndiTciTtl  It  it  to  have  aliached  to  il  a  vefTel  furnffhed  with  maRi,, 

wiihbUfcfts.  fgjij^    jpj  ^^,gfy  oiher  anicio  rcquifiie    for  navigatitig  lb« 

Tea  in   cafe  of  accidents,  and  provided  with  s  cahin  for  the 

aeronaut*,  properly  filled  up,  galley  for  cooking  .(pro  per  ftorM 

ind  »B  iatertil  for  flowing  provilioni,  ami  feveral  other  convenienries,     Tb 

puichu".         rmder  the  ^fcent  more  fafc,  it  i?  In  lake  up  moiher  rnnfteT 

balloon  within   i(,  sn^   a  parachule,    which  wifl  render  itiq 

i  defcenl  perfeflly  genile,  if  ihe  ouler  balloon  burAt.  ' 

Prom  its  conftruSion  it  w:ll  be  calculated  to  rpirtaifi  in  HW 
air  fe^ral  weeki,  in  w4iich  time  many  experiinentt  in  Oaturtf, 
philofuphy,  and  aftrnnomical  obfefvaiion-:  may  te  made':  ft 
is  alio  fuppofed,  that  geogrBphy  miybe  confiderably  impnrtw' 
ed  by  its  means  as  the  aeronaut!  will  be  neither  flfippfrd  in 
their  courfe  by  nionnlains  or  forefls  ;  and  fome  have  evoi 
thought,  thai  with  the  alTiflance  of  the- trade  winds,  a  voyaga' 
round  the  earth  might  be  made  in  il  betiveen  t^e  Iroptct.     Itt 


Univtrfity  qf  Clmrhoyt. 

TTie  court  of  Pclerfturg  piil>lilhed  the  aft  of  conlirmalin^ 
lifthe  Univetfiiy  ofCharkow,  on  ihe  ISih  of  May,  cf  whidi 
the  following  aro  fhc  cliief  parliculdrs. 


.   lego. 


foikSan,  ttu 


k»  The  Unlverflt/  i»  uoder  Ihc  care  of  Ihe  Minift«r  of  pofalic 
fnAiuahm  :  It  hi,  huwcver,  ks  own  pmt'icaht  adniiniflt&tion  oSwjwi/iS 
^n.)  jurtlilifiton ;  ttiv  ordioancen,  by  whirh  ill  itiembers  ttrtr  rrtaWiom. 

povciiied,  ate  fcgulaled  bj  iirdf:  It  has  llio  right  of  genfure  """  ' 

bulh  wilh  regard  lo  llie  hooka  prirrted  by  ilfdf,  or  Ihofe 
brougtil  fi*om  abroad.  Ail  ariidcs  whic*  it  may  want  Rre 
fWoweti  to  pafi  the  fronliers  without  examinamin  or  la«.  Its 
cwrf  ^rjjondft  icC  is  pod  free,  and  ils  paper  i»  not  fubjeft  » 
_  (July.  The  houfes  of  ihe  profelTors  are  (ite  from  taxes  «nif 
|.»1J  charges.  Tlie  profclTon  have  the  rank  of  ihe  fcvenlh  F'»*'fion  f« 
rlafi.  Slid  ilm  fludeitis  that  of  the  tvvdfih,  or  that  oTrubalteni 
(•ffiiersi  receive  caramiilioii  as  fuch,  and  we^f  I'wordt,  The 
ptofvSoit  aAcr  iwenty-five  yean  duly,  or  in  cafe  of  if^carable 
Jicknefs,  receive  thtir  jKnliona  for  life,  and  may  even  receive 
them  wliile  relident  in  other  countries.  On  ibe  dealhot'a 
IKofttflbr,  bii  wi<fow  atld  children  Cuniiiioe  lo  receive  hii 
jit-'iifion,  until  Ihe  widow  -marries  again,  or  the  children 
i^lain  the  age  vf  tvyenly-one  years.  The  Emperor  ba« 
iJl^nled  m  yearly  revenue  lo  the  Univerlily  of  I'iQ.OOO  rubles. 
'  Botar.ic  Gardtrn^  Ifc,  at  Coptnhngcn, 

A  fun  of  i.SOO  rix  dollari,  which  ibe  ggvernmeiU  had 
granted  iff  180J,  for  ihe  Botanic  Garden  al  Copenhagen. 
han  been  emplujed,  pailiy  in  paying  (he  debuof  the  eliablilh- 
inent,  and  ftartiy  in  confltul^ing  a  new  hoftioure.  Thi«l"i5!t 
garden,  which  poOuiret  3,300  planlt  of  difTerent  kind!,  h 
open  01(6  day  in  qach  week  for  Ihecariiius,  and  every  day 
far  boWiiic  fludenls.  The  directors  in  their  laft  reporl,  hav- 
ing oude  forne  propofali  for  the  improvement  and  eflablilh- 
nifnl  of  tlie  garden,  Uie  governnient  hoi  granted  Ihem  an 
Ofkiitiorval  fum  of  400U  lix  doHars,  and  aa  anninl  rum  of  »^'' '"""''  t^m 
200  for  rej-.airs;  onil  have  befirles  fettled,  (hat  Ibe  appoint. 
nenti  of  pexlont  emplajft'd  in  Uie  garden,  Ihall  be  incteafed 
Lo720iix  Jullars,  lo  commence  ihU  year. 

'      M.  Giefecke,   a  Fiuffiaa  mincralogift,    who  has  been  a  Frnpafcd  miaa- 
conllderable  lirae  at  Copeuhagen,  is  aboul  to  be  employed  ?|^|^*J.^^'" 
by  goveriiroeni  on  a  voyage  lo  Greenland,  where  he   is  In  hod, 
pafj  fome  ye^r:<  in  exannning  that  coiinlr\ ,  wiih  regard  let  its 
sfineralogy  and    geulogy.     Hiiheito  ihe  Moraviaii  religieiii 

ij^iffionaiiea  have  alone  been  able    to  refulve  lo  live  fume 

years 


I 
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yeari  in  Uiat  coonlry  for  the  converiion  of  the  natlrni  II; 
will  ba  110  little  honour  to  the  fcieoces,  if  M.  Giereckc 
bring  him(eJf  to  make  a  like  rscriflce  for  theu  Kdrftncemeot 


Ctirii  printcil  The  Royal  Academy  of  the  FiM-Arli.  and  the  Mechaniod 
Jc«r**^  Atia  of  UeiVait  have  received  among  iheir  meinb«rs  M.  E 
a.  WBgenei,  who  hai  dircoveied  a  new  method  uf  printiE 
gaograpliical  charts  by  a  fpecies  of  moveable  types,  which 
found  10  anftver  belter  than  eiigcaviag,  and  will  undoubte(l|| 
ba  much  cheaper. 

Priitig'Tcnby      Marlhal  Berlhier,  war  miiiiller  of  France,  al  the  reqiK| 
ibc  French         ^(  general  Marefcol,  has  again  edabliflied  Oie  prizes  whkb 

wai  given  fur  the  b<;ft  worki  on  forlificalion. 
amrkimtai-  Two  piizei  have  been  ^rranled  to  ihe  bell  treattjit  tm/iA^ 
terranmaa  works.  Tlic  lirl)  wat  adjudged  by  Ihe  comaiittH 
of  fortilication  lo  Major  Mouzc,  the  fecond  (a  Captup 
Gillot;  ihecommittee  ha«  adjudged  a  third  Ireatife  ddctviM: 

of  honoufaWe  meriion,  which   ha!   fur  iu  infcHption  i 

ejperienlia/edl ;  ihe  author  of  it  is  not  known. 

Another  prize  on  the  fiibjeQ  of  a  frq}fA  jor  a  JenijiA' 
harraek,  has  been  given  lo  Cjpiaiti  l^ucenl.  The  codh 
miliee  have  judged  the  prr^e^  nf  Cspiain  BiofchcvalieTf 
and  that  of  Lteulcnani  Colonel  Gribert,  lo  delerve  b^nonra) 
able  mention.  The  committee  hat  rejefied,  tor  not  coue£^ 
ponding  with  the  propnfed  fubjoct,  a  piojcft  of  Capiaoi 
Mallei,  for  a  barrack  inircnchmeiU  ;  but  Iiare  tlioiight  it  worthy 
of  particular  mentiun.  as  a  work  which  gives  a  very  advantani 
geom  idea  of  the  lalenti  of  this  oftJLcr. 

Many  of  ihe  works  whii-h  neither  received  pri:M%  di  pai>w 
ticular  mention,  exhibit  ingeniout  contrivance;,  and  inlerdl>. 
ing  obfervaliuna.  In  general  thefe  two  cuntefls  iiare  iul\f- 
proved  the  gDodnefs  of  the  Inftitulian,  of  which  ihe.friijeQift 
to  exile  emulation  in  all  the  corps  of  the  army,  Lo  piopagala 
knowledge  among  them,  and  tu  extend  the  perfefUon  of  tH 
the  branches  of  the  military  art. 


tifieitfon. 


plan  for  •  foH 
tied  bunKk. 
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THE  catalogue  of  the  Leipfic  fair,  has  this  year  contained 
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been  added  to  It.    Jt  contain*  3^47  iuticWi  i^'fWiffiti% 

380  booltfellern.     The  number  of  loniaoces  is  Tli,  Of  llier- 
trical  pieces  81,  and  muiic  95,fenn«  447  articles. 


The  academy  of  painting  and  fcolplure  at  Madrid,  ate  PubBcaiion  of 
about  to  publfih  a  compleat  collcflion  of  llie  Arabic  antiqai.  [j^'of  sj^  ' 
quilie«  of  the  kingdoms  of  Grenada  and  Cordova.     In  this 
wotk  wilt  be  found  not  oiity  views  and  plans  of  tlie  monu- 
menls,  and  oilier  rcinaxkable  malteti  of  [iicle  countriei,  but 


atfo  a: 
glyphici. 


n  of  all  [he  infctiplions,  cypliers  and  hieio- 


THERE  it 
the  Angola  oi 


i  foon  !o  be  publilbed  at  Litbon,  a  Dictionary  ofDiaJoaiiy. 

r  Burda  language,  wiih  the  explanation  of  allgu^"j^ictJ 
...jwordi  in  Poiluguefi;.     Tliere  lias  never  before  been  a*'''' '<"'"'' 
diaionary  of  this  language.     Tiiis  will  be  publilhcd  fot  tbc  n,,-" y,']J^,i'^' 
ufc  of  ihofe  Puiluguefe  who  have  buiinefs  to  Iraofa^  with  the 
«ftablif]iinenls  which  their  country  poffeOei  on  (lie  cuafl  of 
Africa.     No  language  is  fpoken  ilieic  lo  fo  great  an  extent 


THE  celebrated  fculptor  M.  Canova,  is  engaged  in  erefl-  Maufoleom »S 
ing  81  Vienna,  the  fplendid  Maufoleuni  ol  the  Arch-dulchef*  m 'c^«  * 
Chrillina,  an  ininienfe  compolition  of  eight  marble  figures, 
larger  than  life  i    the  models  and  execution   of  which  have 
been   long  admired  at    Rome,    where    they  were    formed. 
M.  Canova  before   his  dcpaf  luie   from   Rome  eiJiibiled  a  ■[>><  hi'  Tbcrcui 
colotTatgroap,  reprefentingThcfeuscorobaling  with  a  Ceniaur.       '-"t"'"- 
Thit  group  is  lo  be  executed  in  maible  for  the  city  of  Milan. 
.The  ariiITt  and  coniioilfears  of  Rome  feem  to  efleooi  this  work 
fuperior  to  every  other  which  bai  biwn  executed  by  this 
ingenious  and  indefatigable  nrtdt. 


THE  Magiftracy  of  Augiburg  have  bad  the  honour  ofpifjc^ofiw 
being  the  firfl  government  of  touih  Germany,  which  have  P""'"'"' ■' 
taken  dccifive  meafyres  agai'ifl  ihe  fliameful  traffic  of  book- *"**"''* 
piracy.      I(  "has  confircatcd   the  erilire  edition,  confiding  of 
£00  impreOiem,  of  the  work  of  Goener,    on   the  political 
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Irghfx  of  Germslty,  M-hicli  wu  pfmnd  by  Xraosfcddcw,  fl 
idesler  tn  fuch  irnniticlinns,  snd  hai^  bcfidoi  ckwrfidled  Knta- 
felder  lo  pay  lo  Ihe  Icgiiimnie  editor,  (he  price  of  the  copitt 

which  he  had  luld. 


THE  Ruflian  go^Tmmeiti  haitr  hrtaei  al  Veieribufg,  •■ 
Infliludon,  whole  design  it  Ifie  perfeaiDg  of  all  thai  belongs 
to  naval  srinainentf,  and  trliich  is  lu  be  called  the  Mont 
Afti/feum.  This  infliialjon  is  not  merely  lo  be  a  fchool:  aU 
ibe  fciences  nccefTary  lo  a  naval  officer  will  be  theK  laugbt 
and  ihe  Mufium  will  beGdn  publllh  a  jomnal  which  wUI  ik4 
■f  every  thing  lelaliuc  to  Ibe  uaiiue.  It  will  have  alfu  » 
cabinet  of  natural  Iiiilory,  which  will  be  open  lo  all  ihc 
pupiU.  This  tlbblilhiDeiil  will  be  under  the  direC^n  of  tbe 
itiiniller  of  the  maiiue,  and  iu  members  ue  lo  weat  Ibft 
naval  uairwin. 

■ '"  ACCOHDIN'G  lo  the  report  of  the  minifler  of  pobric  in- 
Uraction,  thereiiatprerenlin  Ruflia  49+inRiliHions  for  evira- 
tion, direaed  by  1473  rnallcK,  and  attended  by '39tH 
fi:holurs.  The cipciice of  thefeeflahlrfSnienl* colls  government 
annually  ain-.ofi  Iwo  million)  of  Ruble*.  Among  ihtk  xre 
not  reckoned  Ihofe  for  the  ct)rp<  of  cadel<i  or  for  pagei,  the 
Academy  of  Aria,  the  Schools  of  Coramerco,  iior  the  Irtftilv- 
iron  for  Female  Education.  Tlwle  who  know  tbe  ftatt  k 
which  Ruffian  education  wai  at  the  acoeffinn  of  AtexTOder, 
may  judge  by  thii  ddlail  what  he  has  done  toward*  eiitighliuiij 
his  vaft  empire. 

The  Ruffian  catholics  carneflly  concur  in  fetiortditig  liit 
views.  At  an  ecclefiaitical  affembly,  convolcd  by  (heljllhap 
of  Lutk  and  liheiomir,  varioati  meafnrei  have  been  uHien  in 

-  -&vuur  of  ibe  eAablifbinenti  for  education. 


'riiMnipdw  '     IN  the  town  ofOdeffa  in  iheCfimei,  a  theMre  ffiSHitdil^^ 
I         Ciuuca.  vvith  roiich  aflivily,  according  to  Ihc  plans  of  M.  Thomat  ib  | 

I  Thomon  archiiefl  lo  the  Emperor,  and  a  protcftur  of  (hftj 

\  PuKifburg  atMdeiiij. 
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(Tbis  [liewt  Ihat  tbe  tuts  ace  even  extending  lo  ihh  bititorta 
Begle&ed  pad  ot*  the  wotid,  which  cerUiiily  from  its  Sue 
climate,  and  muty  other  advanlagei,  merits  eveij  atlfatiQii 
«f  its  enlightened  and  hucnane  mallerO 

THE  third  volume  of  tbe  Gwgraphkal  Difiionary  rf  the  Ceofnfhial 
Jtajuin  £ffi;.ire  ha5  .been  publifhed  by  Uio  bwkldlers,  Gavy,  ^j^^^J'*'" 
Popow,  And  Luby. 

/N  important  wort  h  ftwn  expefled  lo  appenr  at  Peletf. 
bar^,  by  ihe  fcienlitic  M.  Delaunay,  (.'ounfelkx  of  flate,  le- 
lalive  to  Siberia,  and  the  bordering  countries. 


M.  KOTZF.BUE  in  his  laft  tour  to  Naples  relates  fome  *«'■='"'"«»>'- 
parliculsn  which  h«  faw  in  viCtrng  ihe  Mufeum  of  Poflici,  ^jj^p^,^-^^ 
which  will  be  intereJling  lo  the  admirers  oF  ancient  hleraltire. 

"  Eleuen  young  men  are  it  ptefent  employed  in  unrolling 
the  manufctipt,  and  two  cnpy  ihem.  An  Englilhman  ciltod 
Uoiter,  is  at  the  head  of  Ihe  eftablillimeut.  He  relates  that 
hit  BlTiilunii are  much  more  expert  and  espedilioui  (ban  they 
were  CormeTly.  He  has  great  hope  thai  he  Ihall  have  tbe  tiOO 
manulcripls,  (which  yet  remain)  decyphered,  and  has  little 
duubl  that  be  fliall  dilcrnver  among  them  an  Ennius  and  a  Ate- 
maider,  as  he  Halters  himlelf  he  has  alieady  a  PolyUua  in 
hands. 

On  tha  day  of  the  vilil,  a  Greek  author,  hitherto  nnknown 
named  ICo lotos,  was  dilcovered;  hi«  work  U-on  philofopby. 
As  the  namet  of  Ihe  author  are  always  inferleil  at  the  end  of 
«aeh  matiufcript,  ihey  can  never  be  known  gnlil  it  ij  cntifdy 
unrolled.  Seven  laliu  authors  liave  palTed  through  ihe  handa 
of  Mr.  ilailer,  but  all  fo  mvch  damaged  thai  it  was  impoffible 
to  nnroll  them,  which  he  the  more  laiacnls  as  one  tif  llieni 
appeared  lo  be  a  Liiy,  at  leaA  it  was  an  hiAcrical  work 
written  in  his  flyle;  all  that  be  can  Jifcovcr  uf  it,  U,  thai 
il  bsgins  M-iih  BQ  harangue;  ia  which  maniivn  it  mid«  o(  the 
family  of  AciUus.  They  have  ta  this  lime  difcoTsrvd  five 
authors  )  fhihiUmw,  mod  of  whul'«  (vittings  have  httn  IouikJ, 
aind  among  others,  a  trealjte  on  Ihe  wen  itAMr^  «rt  nearly, 
^ed  to  virliut.     Eyicurus,    Fh^rus,    DtniKtii^    Plialcrrus  tht  wotU  ct 


J 
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Dcmetitm,  ud  And  liii  Koltilof  above-mcn Honed.  Mr.  Hailer  regret*  ihst  IiC 
■  ^°^"^  hai  hitherto  only  tnel  wiih  works  on  philwrophj-,  allhough 
among  Ihefe  many  hlflorical  ideas,  hilhcrlo  unknown,  occur 
hert  and  thete :  as  happened  in  a  dilftrlalion  on  anger,  in 
which  ii  cited  Ihe  example  of  Cadmat  punidied  by  Bacchui 
for  having  given  hirofelf  up  to  this  palljoii,  >  ciicunlUnce 
hilberto  unknoAii. 


IT  has  for  rome  time  been  an  objeft  of  deliberation  with 
me,  IQ  afcerlain  by  whjl  means  1  might  moll  cfTcctully 
remedy  an  inconvenience  uhich  has  ariirn  from  the  dif* 
iinguiiiicd  palronage  ihii  Jouina!  has  been  honoured  mlhi 
The  great  extent  and  value  of  original  coraiiAunicaiions  nrw 
not  but  be  duly  eRimated  by  the  public;  though  al  ihe  Gum 
lime  il  hat  necelTarily  followed,  thai  various  ailiclcs  of  nAn 
and  oilier  fubJcAt  in  the  rureign  JournalK,  have  in  manjr  in* 
ilancci  been  pollponed,  and  in  Ibrae  rejefled.  To  letwoall 
Ihepeculiaradvanlagesnflhii  work,  and  to  alford  amplsrpacc 
for  occalional  and  Tor cign  articles  ofvalae,  the  ubrioBS neaoi 
have  appeared,  ilial  according  to  the  practice  of  fevend 
olher  refpeflable  works,  eacli  volume  Qiould  be  nincloded  by 
«  Supplementary  dumber  ;  containing  fix  flieels,  or  ^  p^^C^i 
of  printed  tualler,  and  iivo  plates.  And,  at  many  of  llic 
former  plaie*,  like  ihofe  in  the  preCent  number,  have  coo- 
lained  matliemalical  figutei  or  outline  delineations,  capabla 
of  being  advantagcoully  coudcnlcd,  it  is  purpofed  in  all  lb* 
future  numbers  (o  give  two  very  full  plates,  and  Gxteen  extra 
pages  of  matter,  inllead  ol'  ihe  lour  plates  hitherto  given. 
By  this  arrangemeni  every  volume  will  in  future  contain  30 
Aiecti  or  4S0  pages  ut  mailer,  and  10  full  plates  ;  inflead  ut 
SOflieeli  or  i'M  pages,  with  16  plates  lefi  fully  occupied. 
This  addition  of  new  matter  to  the  amount  of  lull  one  half 
more,  will  admit  tlie  inferlJon  of  many  inlcrcfiing  arlidei 
u  hich  want  of  ruotn  mult  alfo  have  excluded. 

",•  The  plate  of  RycHarboar  could  not  be  finijhed  in  time 
m  oecount  of  lUe  fuiden  iOneji  of  ihe  EngrtKcr.  It  nsU  6r 
given  gratis  I'u  the  Supplement,  u-tiidi  -jaII  be  pubUJMiJam.  I. 

txxt,  a\  tliejimt  time  Os  \o,  50. 
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SUPPLEMENT  TO  VOL.  XII. 


ARTICLE   L 

A  Dtfrriplion  of  an  Air  Pump  upon  a  nao  CaajtnifHon.  By 
Elizub  Whicht.  C'lmmuntcatfd  by  Bekj.  SiLtiMAN. 
EJ>}.  Pn^ejjhr  of  XnUral  Pluhf-plii/.  ffc.  in  Yah  CoBege, 


Upon  reading  rhe  i 
Smea[ur>,   H^hs,  Priiic 


iiprovemenls  made  in  (lie  atr  pump  by  The  guuni  im* 
;.  RufTcl.anrf  Culliberlfon,  it  occurred  P"".'''^  »f 


lo  me  lh»t  the  end  which  they  aimed  at  might  in  fonie  mcafare  cipluiKd. 
be  Bllainetl  upon  a  princi;ile  ihal  i«  diflersni  (mm  eilher  of  ihofe 
b^  whicli  their  pumpi  have  been  conllru^ed  It  is  wetl  known 
thai  iriK  common  air  pumplho  valve  at  Ihc  bollom  of  (he  W- 
rel depends  upon  Iheair  in  the  receiver  lo  npen  it.  When  (he 
atr  in  the  leociver  is  rarilied  to  a  certain  degree,  its  fpring  be- 
comef  too  weak  to  overcome  even  the  fmall  refiftance  whjcb 
will  arife  from  the  weii;ht  of  the  valve,  its  oolietion  to  the  plate 
occafioned  b)  the  oil,  and  it«  being  flreiched  ligbl  over  the 
hole.  Here  ihe  progreb  of  exhaudion  will  ftop.  And  this 
would  hold  fruot  coald  it  be  polGble  to  produce  a  perfefl  v» 
cvum  in  Ihe  barrel.  Stil  as  the  fame  obOrudioni  belong  to  the 
pifton  valve.  I'igeiher  with  the  additional  one  ariGng  from  the 
pteirureof  Ihcekiernal  air  upon  it,  andbecaufellie  pifloncan- 
Voj„  XII.— SuPfi-MMiNr,  X  nol 
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not  fce  fo  accuralel)'  filled  to  Ihe  lower  valrtf"  as,  when  pot 
down  upon  il,  lo  leave  no  vacuily  beiween  them ;  a  porllon  of 
air  will  iraceflarily  be  retained  in  the  bartd.  which  by  iUpret- 
fure  flill  further  prevenli  ilic  opening  of  the  lower  valve,  and 
caufes  (lie  operator  to  roroe  la  (he  limit  of  rareUflion  mach 
fooner  than  he  would  upon  ilie  fuppofilion  ihat  a  perfefl  va- 
Impmmncnti     cuum  «ere  made  in  the  barrel.      Several  very  ingenioui  con- 
Bf  Cuthbntron  iriwances  have  been  invented   lo  remove  ihti  imperfeflion, 
among  nhicb  thofe  of  Cuthbertfon  and  Prince  are  aamng  the 
laleft,  ami  cannot  fail  of  giring  the  reader  a  very  high  idea  of 
Ibeir  fagacily  and  talenlt  lor  invention.     The  method  ufed  b) 
the  Rev.  Mi.  Prince,  of  removing  ihe  lower  valve  by  open- 
ing the  bottom  of  ibe  barrel  into  a  ciOetn  which  hai  a  com-  , 
miHiicalion  with  the  receiver,  firll  gave  the  hini  that  it  might 
The  air-pump    be  poQlble  in  Tome  limilar  n'ay  todifpenfe  with  both  the  valvei, 
"^  *rt"**  '"'  ^^  '^'^  ■"**"*  carry  the  air  pump  lo  a  greater  decree  of 

perfeflion.     In  purfuing  Ihio  Tobji^d  I  found  ihsl  all  thit  miglil 
beelTefled,  and  in  a  way  thai  admitted  of  much  fimpltdly  o[ 
canltruflion. 
'  Ddcripdon  of  I     Theprinciple  upon '^\hicli  this  putnp  operates  majt  be  (een 
WW  lirrump.    j„  (,,g  followiiijj  dcfctipiion  of  il.    F,  [Flate  XIV.  fig.  I.)  k 
the  pump  plate.     O  C  is  Lli<:  barrel  lying  in  a  horixonlftl  poG- 
lioD  undettKath  Ihe  pump  plate,  and  nearly  in  conlafi  with  it. 
A  and  B  are  two  dufls  leading  from  the  pump  plate  into  Ihe 
barrel.     Tiiepillon  P  is  witimot  a  valve,  being  folidand  accn- 
ralely  litled  lo  the  barrel,    Tlia  pillon  rod  M  \i  cylindrical  and 
movei  air  light  in  the  leathern  collar  O.     There  it  anolbec 
pi(h>n,  N,  made  like  the  f  xiner,  but  (horler,  and  aAed  upon 
by  the  ffiring  S,  which  U  thence  termed  the  fpring  plion.  The 
«ndf  of  Ihefe  pillon^  are  v«ry  carefully  filled  lo  each  other,  fo 
that  when   tbey  are  brought  into  conlaft  ihey  will  jiofai  ons 
uniform  cylinder  witlioul  any  vacuity  betwixt  them.     H  il  Ihe 
winch,  with  a  pinion  and  rack  by  which  it  it  worked,     Tlie 
pump  il  fupporied  by  a  pedeflat  upon  which  it  is  firmly  fixed. . 
A  teCi  plfton         The  manner  in  whicli  it  operates  is  this ;  Suppofe  tbe  re- 
worlu  in  *  bM-  server  placed  over  the  dufl  A,  leaving  the  dufl  B  open  to  the 
pilTei  dirough  a  ejrtwnal  air,  alfo  tbe  fpring  pidmi  in  the  (ilualion  N,  excliid- 
collu  of  Icjihcr-  ing  Ihe  eitiernal  air  from  the  bai  rcl,  a:  repiefetiled  ux  Lhe  figma 
^^^''^"fi.^j^andthepilion  Pin  contaa  with  il.     The  piOon  P.  by  moviBK 
oaeu  idiii^iHr  towards  ibc  du^  A,  fortus  a  vacuum  in  Ihe  barrel.     When  it 
Sld°the'(^M  w'  P*^°'  I'jthe  dofl  A,  it  opens  a  cooimuiikation  between  liie 
£fctu^  it.  legaivec 


ymitiwj  JUiaJ.fcti  nJiPtdfjar-ff  jg^i,  om. 


qI ™ 

»h>v<^ — \ — :^^ 


JV-x 

i 

NiAolronCt  .mi4^.Jb§miuU.VfflXlLTtXlKp30A 


V 


Fl4f.    I. 

^30 


^a» 


lA», 


4. 


ft  * 


\f 


r,k 


Fig.Z 


24  ^i^  CfLjStH/^.'  -¥- 


I\^-  3. 


*3p^A 


ijee44nt.      # 


X 


A   ■; 


tf 


h 


OA 


J^-4. 


r,  ft0ittK  Af 


■-.■..'-'S    J»?fc      *. 


.bTicd  905  ni  Ldr'ifcjpo'^  iix.  :/dl  it  ^Toi^ud  ^vfnh  Imc  ,8  f^; 


V'l 

.-t.? 

if- 

^  • . 

.■■ 

«. 

.    ^ 

* 

'."■  ^ 

- '  ■ ' 

# 

r-.f. 

•     A.  ■. 


ii  J     .V        '^ 


V    .■■.ji*f.i\ 


V     r 


•  im\    ■^ 


A 


K- 


.  J.     T*.  m-.Wt  "lii  3'li  ^'^  P 

.    ^  >jl«lrdx'^  5|:llv*.i: 

.   • .  .r»v.'  .  li  '\a  i^.'infirn   j. 
'.;.  i  i  ":i^.  rj|«iq  r.ii  *lo  brs. 

■  .  ■•  ■.'.  =  .■•.»  -r- 

*  ■ 


•  ) 


>  i#;  L  ) 


« »• « 


^    !• 


-  *  -f  ;)       . '  -  :    • 

f'ij:  ■•■  .-. 

:   -r   •  ■».■  • 

•^  .  P  • «  ■.  • 

-no  ■■ 


1.  \ 


.lb.  5 ;*'-■':■  i- 

■  ■  .'   •  .•'..■      ■      •      -  •       1    <•     .  •      -    V 


>   -".  .    i 


t\ 


^      ■  '  .•"•■■  ■  ■  IaJ 


-  *  _ 


i    -  •  ■    -i 


*  -v-    . 


AIR   FUKP,  307 

receiver  anti  barrel,  and  (he  »ir  by  il»  eiafiic  force  rufhe*  into  The  I"*"'  '• . 

thebwTdand  filU  it.     The  pifton  now  reiums  lowatdj  Ihepi"^'^"^'''"''' 

duel  B,  and  drive*  before  il  ihe  air  contained  in  the  barrel. 

together  with  llie  fpring  pifton  N,  until  ihej  arc  flopped  by 

Ihe  Ihouldttr  D  at  the  inflant  in  which  the  ends  of  Ihe  two  pi- 

ilon«  cucne  againll  ihe  middle  of  the  du£l  B.     By  forcing  the 

airoutal  thedufl  B.  the  piflons  come  into  contafl,  and  form 

one  uniform  cylinder,  Ibat  prevent!  any  communication  of  tbe  ' 

barrel  with  the  external  air.     Tlie  piHon  V  it  now  draum  back 

toward  the  dud  A,  and  Ihe  fpring  piRon  N,  by  Ibe  aflion  of 

ittTpring,  tdliows  in  clofcconlad  wiib  il,  uniil  it  ii  flopped  by 

iU  fhoulder  C  meeting  with  the  end  of  ihe  barrel,  after  having 

palTed  the  6uQ  fi,  and  having  continued  to  intercept  llie  cwd-  ,■* 

munication  between  the  barrel  and  the  external  air.    This  ii 

the  (ituation  with  which  the  defcripiion  began ;  and,  repealing 

(he  operation,  when  the  piflon  V  is  drawn  back  beyond  ibe  I 

dud  i^,  the  air  from  the  receiver  ruftiei  into  the  barreli  and, 

when  it  movei  forward  lolha  dufl  B  this  air  is  expelled. 

Having  cichibited  a  general  dcfcription  of  this  pump,  with 
(ho  inanaer  of  ils  working)  a  more  particular  illjflralion  of 
foine  of  iti  parti  will  be  given. 

When  the  pump  is  intended  to  exiianfl,  the  receiver  mqfl  TUi  pnnip  ei- 
be  placed  over  ilie  dufl  A,  leaving  the  du£t  B  open  lo  the  ex-  j 
ternal  air ;  but  when  it  i>  dtjigned  to  condenfe,  nothing  a 
is  nccelfary  than  to  lliil't  the  fiiitaiion  of  the  receiver  on  the 
plate,  placing  it  over  the  duft  B,  and  leavirfg  tbe  du£l  A  open 
to  the  external  air. 

The  dufl  B  i)  continued  around  the  fpring  piflon  by  mean* 
of  a  circular  channel  cut  into  the  infide  uf  ihe  barrei,  in  order 
that  the  air  might  tfcape  from  all  fides  when  Ihe  piDoni  come 
into  cool  aft. 

It  may  be  obferved  that  all  Ihe  back  fpace  in  the  barrel  !>«•  OMetriCiiMi 
tween  the  collar  O  and  Ihe  piflon  P  makei  a  pari  of  llie  ca- 
pacity of  the  receiver ;  or,  to  fpeak  more  accarelely,  ibe 
fpace  O  A  betwe<rn  il>e  collar  O  and  the  dad  A  :  Ibe  fpac« 
A  P  between  the  du£l  and  pldon,  while  it  moves  from  A  toiMrd 
B,  being  only  a  temporary  dilation  oi  the  cnpacity,  and  the 
fpace  A  P  while  it  moves  froia  A  lovrardi  O  a  lempqtary  con- 
traction of  it. 

For  the  puipofe  of  preventing  a  fludualion  of  Ihe  air  in  Ihe  Advimtige  af 
receiver,  which  would  be  caufec  by  ibis  ejipanCon  and  cor- *^*''_^'^*J'^ 
X.2  iraaign. 


,_htuflia 

''  denfti  *t  plci- 
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in&iom  ahd  might  be  detrimental  in  fome  experiinentfy  Hie 
diaroeter  6f  Ihedudi  A  is  made  very  (mM,  and  another  barre?t 
ba^iogp-  iiroilar  piflontt  and  duds,  it  added^  with  its^rack  placed 
above  the  pinion  wheel,  while  the  other  is  placed  below  it« 
The'advanlagre  of  a  pump  ot  this  kind  being  cenftracted  with 
two  barrels  arifes  from  the  contrary  motions  of  their  piftons ; 
for  white  one  augments  the  capacity  of  the  receiver  by  moving 
fi)rward»  the  other  equally  diminifhes  it  by  moving  liackward. 
An  equilibrium  is  thus  maintained  that  prevents  any  ofciflatory 
motion  in  the  mercury  of  the  gagCi  which-  might  arife  from  the 
operation  of  a  iingle  barrel; 
The  refiftance  The  addilional  refiRance  to  be  overcome  in  working  this 
ftom^ihc  fprinj  pmnp^  above  what  is  to  be  met  wi4h  in  other  pumps,  happens 
only  atthc-fma^l  interval  while  the  ^ing  pifton*  is  paffing  from 
fti  natoral  fituation  to  the  du£t  Rw  This  need  not  be  mopo  than 
gbout  four  times  greater  than  that  which  ii  lequilite  to  over- 
come the  fridlion  of  the  pi  Hon  P»  and  will  be  eaiily  provided 
or  by  increating  the  proportion  bet  ween  the  diameter  of  tlie 
pinion  wheel  and  the  fweep  of  the  handle. 

ELrZUR  WRIGHT,  C.  A.  ^. 

'  ■  Canaan  (ConneStlcut  in  America,} 
March  12,   1805. 

IL 

Concerning  the  Stale  in  'u^hich  the  true  Sap  of  Trees  is  depoJUed 
during  Winter,     i(y  Thomas  Andrew  Kmight,  EJq,^ 

(Concluded  from  Page  140) 

Biiltoui  toJ  cift*  W£  liAve  much  more  decifive  evidence  that  bulbous  and 

kerout  roots       tuberpus  rooted  plants  contain  the  matter  within  themfelves 

ter  that  fonn«  '  wfaich  hibfeq-jciuly  compofcs  their  leaves;  for  we  fee  them 

ltirc3»  vegetate  even  in  dry  rooms,  on  i he  approach  of  fpring;  and 

QU#y  bulbous  rooted  plants  produce  (heir  leaves  and  flowers 

wit|i  nearly  the  lame  vigour  by  the  application  of  water  onlyv 

as  they  do  when  grpwtng  in  the  bud  mould.     Bat  the  water  in 

this  cafo,  provided  that  it  be  peifedly  pure,  probably  affordi 

.    little  oc  no  food  to  the  plants  and  acts  only  by  diflblving  the 

''     '"^  Phil.  Tmnf.  of  1805,  p.  97. 

matter 
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tnstl«r  prepflred  and  dep<>Ii  led  in  ibc  preceding  j-pw;  and  Iidm;4  ll 

llie  rool  becoran  exliaulleit  and  fpoilcd ;  and  Hi<Ieiitiaiz  iavnd  'j 

thai  llie  lenves  anil  Dowers  and  looii  ot  fucli  plants  ajfordeil  no  w 

more  t^rbun  than  he  had  proved  to  exiJt  iu  bulbous  rooij  of  the  -^ 

fame  weight,  vriiofe  Icpwei  and  ilotvers  liad  never  expanded.  3 

As  the  leavei  and  ftowcra  of  the  hyacinth,  in  ilie  pieccding  — vi  it  it  B 
cafe,  derk-ed  ihelf  roai ler  Iruin  i ht  tulb,  it  appears  oittemely  ^jl''j4,"^.''l 
4iro)nble  thai  the  blolTum*  of  ire>-<'  receive  tlieir  nulnnuint  Iron  tiio  ibe  nutri- '  | 
ihe  alburnum,  particularlv  a<  ilie  bioiroms  of  many  fpeciea"".""^''^  ] 
precede  ttieir  Ieav«  :  and,  at  the  riKiu  of  plant*  become  H-esk-  ! 

cnedand  apparenlly  exhaulicd,  when  they  hswnjiirdednirtri- 
ment  to  3  crop  of  feed,  we  maylurpefl  ibat  a  tree,  which  has 
borne  much  fruit  in  one  leafon,  becoit]t;&  in  a  fiinibr  may 
evhBul)ed,and  incapable  alntrording  proper  nutriment  hi  a  crop 
in  lite  fuccecding  year.  And  I  am  much  inciinwllo  lielten: 
that  were  iht:  wood  uf  a  tree  in  this  iiile  accurately  vreigbed, 
it  would  be  found  fpecifiL-ally  ligbleniian  that  of  afimitar  tre«, 
which  had  not  aSbriieJ  nirtriuu-'ni  lo  IJruii  or  blolluint,  in  llie  ' 

preceiling  year,  < 

Jf'it  be  adniilled  lliat  ihe  fuUlance  which  cnterii  inlolbcThe  prtpirui 
compnfifiun  of  the  firft  leaves  in  l't« 'fp''"g '*«'<"*'"' I'Oqi  ^^'f„''.'|[^" 
matter  which  has  undergone  fnme  proKiouiprsfiaration  wilhin  linp]ieiitutth>l 
ihe  plant,  (and  I  an:  at  a  lof^  lo  conceive  on  what  ftround*  ibhi"'^^  titeuUie.  j 
cao'be  denied,  in  bulbous  and  tuberous  rooied  plantialJeaA*) 
il  man  aICo  be  admitted  liial  ihc  leaves  which  are  giniefated  in 
the  fummcr  derive  (heir  fubfiaace  from  a  Jintilar  foutcet  and 
lliil   cannot  be   conceded  wilhuat   a  diretl  admiineU)    of  the 
«xineiicc  of  vegetable  circulation,  wliich  U  denied  by  To  Many 
■eminent  naluralifls.     I  have  not,  however,  found  in  lh«ir  writ- 
ing.i  a  Tingle  t'afl  lo  difprovc  it«  exifleoce,  nor  any  grt»tt  weiglit 
in  their  argument  j,  except   (hofe  drawn   (rum   Itvo  iiDpotunt 
errors  in  (lie  admirable  worki  of  Haic«  ami  Uu  Hsmcl.  wbich 
I  have  noticed  in  a  former  mcmoif-     1  Hiall  ibcrvfore  proceed 
(o  point  out  the  channels,  through  which  I  (unccivo  ihecitcu- 
lating  fluids  lo  pafs. 

When  a  feed  i«depoliied  in  the  gr<iun>l,orotlicrii^i(eoKp{rrod  Cxplii*'^ 
to  a  proper  degree  ot  Iteol  and  nioillure,  and  cxpofure  ti 
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tiplanidM)  ef  tdrfion  of  ki  velTeli  snd  ftbrei;  ofxltliv  eTfuenMoenH  nf  Bamel 

Ac  irmmtIo  ao*D«  Hamri  katm  little  irruiiivfe  (rf  dnibi,  but  Ui»l  ihffiw* 

ofpUnn  cirtii-  niBder  which  it  added  io  ihc  point  ot  ilicrooi  defnrmlcfroBlbe 

)»tt.thdthiW.  cotyWdont.   The  flrflBotion  thwBfijraof ihc  Soids  in  plwtsi*  ' 

tndei,  cbancei,      ,  ,  .     u  *  i 

jt;,  downasros  lowmrdi  ilic  point  of  the  root;  and  ine  winli 

wbich  apprar  to  cany  them,  are  of  the  Tanir  kind  Ivilh  thofe 
which  are  fubfeqacntljr  found  in  ihe  batk,  where  i  have,  en  ■ 
tenter  occofioD,  endeavoBTod  to  prove  that  they  cmecmM  -the 
lame  office. 

In  the  laft  fprinn  I  examitied  almaft  everyday  theprogreflive 
clisnget  which  lake  ptace  m>  tlic  radicle  eraiued  bjr  tbc  hnrfe  ~ 
cbefnut:  I  iuund  ii,  at  tit  litii  cxiftr:no!,  and  nnlitU  watfuine 
wedii  M,  Id  bo  incapable  <>/  ^(rabini;  coloured  intafiodi, 
when  ill  point  trw  laken  oH,  ar.d  I  wu  totally  u'labk  in  diU 
loovar  any  alburnoni  tubt",  (lirnu^h  which  the  fap  atilotbed 
Smta  the  ground,  inine  riilifi»fuen<  [rrcwihof  ihe  ttaei  afcrnil^: 
but  when  the  roott  were  coiilideiably  elongated,  albinncuc 
tubes  tJarmed  ;  and  a*  fmnat  iltify  had  M.'quiietlfDiDe degree  of 
finnneri  in  their  confifti.-nce,  ihey  appt-jred  to  enter '  op  ibeic 
office  uf  carrying  up  the  aqueous  lap,  and  the  leaves  of  ihs 
filumuU  then,  and  tiul  (iii)ner,  expanded. 

The  leaf  cunlaini  at    Iraft  three  Itindt  of  tabet;  liieJirit  it 
-  tvhat.inafornerPdper,  1  have  called  the  central  vAtTelrtblough 
•whidt'liieaqaeoas  Tap  appears  to  be  carried,  bikI  through  which 
'fsokmred  infiHjoni  readily  pafs,   from  the  alburnoas  Inbea   iiilo 
<llMleit.llalk.    Tliel'e  velT<^U  are  always  arcompanied  by  fpiial 
lube*,  wliicli  do   not  appiar  lo  carry  any  liquid  :  but  there  it 
tuMher  velTd  whicli   sppeari  to  take  its  origin  from  the  leaf, 
■  -ftnd  which  defcend^duwn  the  internal  baik,  and  cunlanu  the 
tna  or  prepared  Tup,     Wlien  the  leaf  hai  allained  its  proper 
growth,  it  feeniBlo  perform  piecifilvlheofBceol  thccolyledcnj 
bM  being  enpofed  to  the  air,  and  without  the  taoM  tnmnc  10 
■  ac<)uire,  or  the  fiibtlance  to  retain  moillure,  it  iafed  by  ibcil- 
liarrmiM  lubes  and  central  vefieU,  The  true  lap  now  appcwt  lo 
,  bii  dil chatted  Iromilie  leaf,  as  it  waiprevioullyfron  ibe cotyle- 

don, into  ihewlTulsof  the  bark,  and  to  be  employed  in  the  lor- 
,     ,.  ,    nstwn  of  new  alburnnv;  tubes  between  thebnte  of  llicleatan4 

-■  tberoolL     Frnin  ihcle  albumouitabetfprrngMhercejiiral  vef- 
^.'■MM  atul   (piral  lubet,  which  enter  into  and  peffibly  gtv0  cs- 
"•*li'Mttit><»>  olber  leaves;  and  tbui  by  a  tepetilion  of  ibefama 
L.-*ti-fi>»Ji(     '.  proccfs 
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-pCDcefi  l!ie  yoong  iree  or  mdudI  (hooi  conlinuea  1o  nquirc  ^^"^  ^ 
new  pari*,  which  apparently  are  rorned  from  the  alcendiBg  wy^li^hcjuioi 
aqueoux  fap.  «'  f^^*  ^^J* 

But  il  hb  been  proved  by  Dii  Haind  ihatafluiH,  firailar  lo  ^^^_  thiBpit 
that  whkh  it  ItiuDci  ia  ihc  true  lap  vefleU  of  ihe  buk,  nifis  fc(. 
alfo  in  the  alburnum,  and  Ihji  fluid  ■)  extremely  obvious  in  the 
tig,  *Dd  oilier  irees.  tvbtjre  iruc  hp  it  wliite,  or  coloured.  The 
vellets,  which  conOin  ihi«  lluid  in  tfaealburnam,  arciocon- 
(a£)  will)  ihofe  which  carry  u|)  ihe  aqueous  fap;  snd  i(  doe« 
ItOl  appear  probablu  thai,  in  a  lir'Hy  lu  parouiaiwDodgfluidifo 
near  each  other  Qiould  remain  wh'>lly  uamixed.  I  muft  ihere- 
fore  conclude  that  when  the  true  Tap  has  been  delivered  flam 
the  eotyledoD  or  leaf  inio  the  reiurning,  or  true  lap  vejTels  of 
tiie  bark,  one  portion  of  it  Tccrcies  through  the  external  oel- 
ItfUr*  or  more  probably  glandular  iubRance  of  the  bark,  and 
^neralei  B  new  epidcrmii,  where  that  it  to  be  formed;  and 
that  the  other  portion  of  it  (ecrelei  through  (he  iiilemal  <gtan- 
(lulorfubQance  of  the  bark,  witore  one  pari  ol  it  produccE  Itie 
new  layer  of  wood,  and  ihe  remainder  enletB  ibe  poret  ot 
the  wood  already  formed,  and  fubfetjuently  mingles  with  the 
alcendi  11}^  aqueous  fap;  which  thus  becomes  capable  of  nf- 
ferding  ihetnaiier  neceflary  to  form  new  budcand  leaves. 

It  baa  been  proved  in  Ihe  preceding  experinenU  on  ihC 
Hfcending  lap  of  ihe  fycimure  and  birch,  that  ifaal  fluid  doet 
not  approach  the  buds  and  unfolding  leaves  in  (hefpring,  in  the 
fifltc  ii>  which  il  is  abfurbed  frora  the  eartii :  and  therefore  we 
may  conclude  thai  the  fluid,  vi4itch  enters  into,  and  cirralatei 
Ibroagh  the  leaves  of  plants,  as  the  biood  ihroiigti  th«  luogt  of 
animals,  conlids  of  amixiureof  the  true  fip  <rr  blood  of  Iha 
plant  with  matter  more  recently  ablorbed.  and  Ids  peifeflly 
■fliroiUted. 

It  appears  probable  that  the  irue  fap  andcrgoei  a  cnnfider- 
able  cbnoge  on  iti  miKlure  wjtli  the  afcending  aqueous  Tap  ; 
for  this  lluid  in  the  fycamoie  has  been  proved  lo  become  more 
fenlibly  fweet  in  iU  progrefs  tiroro  -the  roots  in  Ihe  fpring,  and 
the  liquid  wbiuh  dnwi  from  the  wounded  inrk  of  tlte  fame 
IrceiBallii  fwi^ti  bntl  hsve  nuver  been  able  todetcA  the 
fllghlclt  def(foe  of  1  weed K^  ia  decvAions  of  the  Ijc&titoia 
vruod  in  winter.  I  nn  titer eliare  inclined  to  believe  that  the 
faccbarine  matter  exifting  in  the  afcendtag  fap  i^  not  immedi- 
«t«ly,  tu  wholly,  detivcd  from  the  fluid  which  had  circulated 
througli 
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Ifc^ioidM  of   through  the  leaf  in  the  preceding  year ;  bat  that  it  ii  gefie« 

vUeh  the  juicei  '^^  ^X  *  procefs  fimilar  to  that  of  tbe  germinatiori  of  feedi, 

«f  pbatt  drcB.  and  that  the  fame  procefs  ii  always  going  forward  daring  th» 

tSi^'SmM^  'P^'^S *^ fuffioier^  as  long  at  tbe  tree  contmaes  to  jgeneraie 

kc  new  orgahs.    But  towards  the  conclufion  of  the  furomer  I 

conceive  that  the  true  fap  fimply  accumulates  in  the  albornorop 

and  thus  adds  to  the  fpecific  gravity  of  .winter-felled  wqdcU 

•and  increafes  the  quantity  of  its  eztra£tive  matter* 

I  have  foroe  reafont  to  believe  that  tbe  true  fap  defeends 
through  the  alburnum  mi(  well  as  through  the  hark»  and  I  have 
been  informed  that  if  the  bark  be  taken  from  the  trunks  of  trees 
inthe  fpring,  and  fuch  trees  be  fnffered  to  grow  till  the  fol- 
lowing winter,  the  alburnum  acquires  a  great  degree  of 
hardnefs  and  durability.  If  fubfeqnent  experiments  prove  that 
the  true  fap  delbends  through  the  alburnum,  it  will  be  cafy  to 
point  out  the  caufe  why  trees  continue  to  vegetate  after  all 
■communication  between  tlie  leaves  and  roots,  through  the  bark^ 
has-been  intercepted:  and  why.f<ime  portion  of  alburnoat 
matter  is  in  all  trees  *  generated  below  inciiions  through  the 
bark. 

It  was  my  intention  this  year  to  have  troubled  you  with 
fome  obfervations  on  the  reproduction  of  the  buds  and  roots 
of  trees;  but  as  the  fubjed  of  the  Paper,  which  I  ha\'e  now 
the  honour  to  adclrefs  lo  you,  appeared  to  be  of  more  im* 
portance,  I  have  deferred  (hofe  obfervations  to  a  future  op« 
portunity ;  and  I  (hall  at  prcfent  only  obferve,  that  I  conceive 
myfelf  to  be  in  pofleilion  of  fads  to  prove  that  both  buds  and 
roots  originate  from  the  alburnous  fubilance  of  plants,  and  not, 
as  is,  I  believe,  generally  fuppofed,  firom  the  bark. 

I  ami  &c. 

T.  ANDREW  kNiGHT. 
ElTon,  Dec,  4.,  1 804-. 

*  I  have  in  a  former  paper  ftated  that  the  perpendicalar  (hoofs  of 
the  vine  form  an  exception,  f  fpoke  on  the  authority  of  mmicrout 
experiments ;  but  they  had  ticen  made  late  in  the  futnmer )  and  on 
repeating  the  fame  experiments  at  an  eariier  ptriodf  I  found  the 
rpfult  in  conformity  with  my  experiments  on  other  trees* 
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S;„gul,ir  Mahod  qffor-ml>tg  tfalU  and  Hq"/,  of  R«nil  EuM- 

iiig.in  i-idiiftan,  lomniHiiuaUii by M.  Lkc.oux  of  ^tAix,  '^ 

A  HE  method  which  Ihe  Ifi(lian<  ftave  tifeil  for  "many  yeari,  admyi  dl" 

of  formmg  Iheir  rural  tiiiWingn,  uriite<i  folijil},  f  nvenlcnce,  t,,''||j,„. 
and  wholefumeners  rit  ecoonray,  and  facilily  or  execution. 

Houres  cnnllniCted  in  tli'ii  manner  have  alfo  llie  advaiitige  RcfiAi  fin  ad 
of  being  abrolulcly  fafe  from  confUgralion,  and  of  reli fling  ""™"'~^ 
even'lhe  mcfi  violent  jnundalioni. 

Ih  a  country  where  Hone  is  fcarce,  tlie  rich  build  ifieir 
hoafes  with  bricVs,  which  in  many  refpcfti  are  pri-ftrabli;  (o 
flonej  lul  poor  people,  fnchaslhnre  employed  in  a^riculiuie, 
cannot  gn  IQ  that  evpc-nce,  even  in  Indiaj  ;v here  IdboiK  and 
inattriiil!  iirc  fo  chtiip. 

The  hebilniiuns  of  villager!^  in  mod  par's  of  tite  gTotw ' 
■re  buill  with  cTirlh  walli,  in   India  tliey'arc  lilijwife  coVereo 
KJlh  Icrracct  of  earth,  and  it  is  evident,  that  buildings  formed 
with  bolli  walls  and  iDori  of  earth  miifl  nece'lTaiily  be  p'at    , 
from  danger  of  fire. 

To  proee  that  building*  of  this  conftruflion  are  tqu'alty 
fafe  rrorii  inimdalion*,  il  is  fuflidcni  to  Date,  llial  on  (lie 
lank*  of  iTie  Ganges  and  Indus,  (rivers  of  val!  'magitiluJ«^ 
botif  Tn  their  extent  and  iheir  courfe,  and  Mliofi^  jjreai  bbdlei 
of  walSr  caufe  llie  moll  dcftruclive  dTu-a-i  in  their  floodi.) 
Ihefc'houfc!  (land  uninjured,  though  fomeiime,  IWalid  irt  Ibo 
midrt  of  Immeofi.-  inundations  for  filleen  of  livcnly  days,  ft 
il  eniremely  probabk-,  that  houtes  built  of  itone  or  brick 
'would  Hvt  HanH  tl>i(  great  force  of  water  e(|uaIK  well. 

To  (brm   hoiifei  in    llii^   manner,    the   foundalioni'  of  IhcTUeanbduf  ' 
outtide  and  nariiiion  walls  are  dug  up.  w  hich  art  fpmciimes  ''™  '*■.'  ^'"'- 
from  five  lo  (eien  kei  deep,  and  alwa)£  piopoiliuncd  to  lli4  cti  Adt, 
lieighlh  inlcniWd  (o  be  givrti  la  ibe  walls.     Tbo  cKcavaled 
^arth  n  tKpofod  till  it  becninc«  petfefily  dr;  ;  if  it  i«  of  nfat 
or  argiHaceout  nibre,  i(  is  mnii^d  to  a  pUe#,  prepared  for       " 
llie  pu'pcfe,  where  il  mdy  be  pnonded  into  a  ditft,'  arid 'pro - 
ncilv  prepared  for  ufe;  when  in  this  Halt-,  ii  is  mixed  with  a  •"' m'***"^* 
,   f'  .'  •^.  '.  >     i..  tmrftluidot 

L.i  •  S  onniou.-*  Jou'Ml'  »■  2Vi.  <"«S'"'^.. 
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U^irdoran  half  of  coarfe  fandj  or  fnaU  gravel  pafled  ifarougli 

a  ficve  to  clear  it  t'runi  pebbles.     Tiic  tat  oarth  u  mixed  with 

the  fand  and  gravel,  and  worked  up  well  with  it,  fo  that  the 

ibea  noiftcae^    nafs  mav  be  or  an  uniform  couliftcncc.     It  is  tken  moifteaed 

withwjttGT.        t%lLh  water  live  or  fix  houri  before  it  is  wanted,  end  in  the 

quantity  ncccUary  for  a  iinglc  day'd  work  ak>nc. 
Tke  walls  are         The  mixture  thus  prepared  is  carried  to  t[)e-.place  of  baiki- 
riifed  «!1  ui^e-     lag,  when  tlie  iouxidations  afc  perfedly  dry.  and  the  walls  are 
'     ,  then  built  ec|ually  in  every  part  at  the  fame  Ume«  oa  «  f&jkd 

levels  in  courfes,  and  brougiit  up  perpendicularly  :  each  courfe 
ftoatirotDfiittr  of  earth  is  from  eij;ht  to  ten  iucbes  in  depth.,  and  the  whole 
ffxt  thick.         breadth  of  the  wall,  which  is  feldom  iefs  than  two  feet  tluck, 
and  never  exceeds  four;    which  dimcnfions  are  always  re- 
gulated by  the  intended  height  of  the  buildlngj  and  the  ibrce 
In  OIK  two  or      of  (he  floodit,  if  it  is  near  the  river.     When  the  walls  are 

three  com f«  in    jj^^^^  f^^^   ^^^  ^  |j^|j-  j^        £     ^   ^^-^^^    ^„j     ^^  COurfc  i:i 

a  day  according  '  ■  ■  •    ir 

CO  the  thickncfi«  ralfed  in  a  day  ;  but  when  they  are  from  two  ieet  and  bait 

to  three  tcet  thicks  two  courfcs  are  railed^  and  if  they  are 
*     but  two  feet  (hick«  three  courfes  arc  funietimes  raifed  iu  ihat 
fpacc  of  time.     This  depends  on  the  quickncfs  of  the  defK:* 
cation  of  the  wa!U,  which  ipecdily  takes  place  there,  where  the 
drynefs  of  the  air  it  extreme :  this  would  not  perhaps  happen 
in  our  moili  climates;  if  this  method  of  buildij)g  Qiould  be 
tried  here«  it  would  probably  be  neceifary  to  leave  them 
longer  to  dry,  in  order  to  obtain  the  rcquiiite  tenacity. 
Spaces  left  for         When  the  walls  are  built  to   the  height  for  the  roof^  the 
**^^>  J****?'     proper  openings  are  made  for  the  beams  and  joiAs..    It  is 
almuft  ntx'dlefs  to  addy   that  the  apertures  neceOary  Hor  Ike 
doors  and  windows  are  made  while  the  walls  are  building. 
The  wjlh  when       On  the  twcltlh  or  fiitccnlh  day,  or  when  the  walis  are 
dry  arccndofcd  fufficiciitly  dry.  Of  to  the  fame  degree  to  which  tiles  are  dried, 
cafesofbambouy  (he  walls  are  furroiinded  cxlcrnally  and  internally  .with  a  fort 
of  open  work  cafe,  made  ot  fpars  ofbambou,  or  of  fone  other 
hard  and  dry   wood.      In  Indoiian,   where  this  method  of 
building  is  general,  the  workman  have  bars  of  iron,  which 
they  hire  out,  that  ferve  to  fuflain  the  coffer  work  oaeiUioned, 
at  two  or  three   and  are  placed  at  every  three  or  four  yards;  the  cofiur  woik 
feet  diftanci:,       |j  raifed  at  two  or  three  tcet  diHance  from  the  furfacc  of  the 
tljcd  with  fucL  ^'^^^*t  according  to  their  Ihicknefs,  and  the  fpace  between  is 
iilied  up  with   firewood^  turfs,  and  cakes  made  of  cow  and 
^^  (beep  dung  worked  t'vgether  and  dried  in  the  funi 

This 
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'•  Tfm-^'oF  combttfliUn  is  arranged  m   reveraT  Haget,  AmnEcdia 
of  ihfve.  Tour,  cw  five  feet  Ihiclc.  fepar-tetl  from  each  othci  *'S=>  I'pmitt 
by  iajers  of  earth  w  half  tfaied  lurf  of  Irom  eight  Xo  lenewth. 
inches  <l»rpth  ;  the  upper  flages  are  (irft  fet  on  fire,  liiliiat  thpTtKuppnt«a 
*»a!I  i»  baked  through   iis  whole  «ienl  from  loji  wboUoa.^''*''^^^ 
The  chargi:  of  ihe  cnmbulliblei;   for  eath  of  llie   flagcs   Js  fo 
tnafnged,  that  the  luweft  is  the  greatefl,  and  i>  tliminilbed 
for  eacl)  at  it  >>  nearer  the  top  of  ll)c  waH ;  as  ihe  pile  burni 
down  the  fiift  of  the  luwer  fla^ea  llill  acl«  «n  ihe  upper  part 
of -the  wallst  vrhich  permiii  Ue  upper  fla^et  to  be  of  kk 
Ihicknefs.     'ihe  fire  bate*  Ihe  walls  loa  ihicknels  of  from  Wallithoib4,i 
(ix  io  ten  indies,  ai  tilei  art;  baked  in  a  kiln.     And  ihu»  waJI.J,f  ^"^^'^j^ 
nmbniltin  a  Cngle  piece,  and  of  the  gicaleft  loliditj,  which  ten  inches 
have  the  more  ftrength,  a*  there  are  no  juniiiucs  in  them. 
Wherefore  ihey  ought  In  prevent  ihc  greaicli  piillible  refin- 
ance lb  the  adion  of  Ihe  almolpliere,  [he  aiiacLi  of  Qoodt. 
■Tid   the  fdll  of   rain,    which   defi-cnds  in   inrrenla  in  moR 
couninet  of  Indufian  daring  ihe  raniy  feafun. 

Experience  has  cunllanilj  proved,  that  ihe  houfes  built  in  Thefi;  lionrn 
lilts  manni-r   nol  only  haft  niui-h  longer  ihan  thofe  built  of  Itiofc  o/'bri*"* 
brk'k^  tmt   thai    they  alfo  refill  belter  the   attacks  of  the 'M  rcGK  floirit  * 
fwtlodiea!  inundations  and  ihofe  of  ibe  mnnual  rains  to  which  ""'  "^  '*'«• 
they  are  eitpufed  in  this  climate. 

T%e  melhod  in  which  the  tcmcc  roofs  [which  are  called  '^^'"  «>rf"  ••■ 
ui  India  argo^iace)  ate  lonccd  for  lliefc  houfes,  ii  <he|^„^j^'* 
fntlOWIn^: 

Immediately  after  ihe  baking  and  exiling  of  the  waits,  tlie 
''afiies  and  iht  bars  which  fuilaineil  the  cnjfcrwoikare  re- 
moved. -  The   beams  and  jaifif  are   plaeed,   and  covered 
either  with  very  thin  boards  nr  elfe  wilh  fmall  green  branches; 
'  Hid  dpon  Hiis  fiippbri  the  tttlTerent  tayirs  of  the  ternwe  roof 
are  placed.     The  tirfl  fr^yer   is  fimply  clay,  with  an  etjual ' '-^  ^"•m»- 
qilarttily  of  o/f .  a  I'pecics  oi  marl  in  powder,  wliich  is  pounded  j  jjind  of  latrL 
in  lro'Dghs,fuLh  as  arL-ufed  for  preparing  riiOf'ar.  Tiiiititfi  layer  fc"""  fiw 
isfoirr  or  five  incheJ  thick,  and  it  is  it.en  levelled,  antt  is ''"'""''*^ 
tnoiAened  from  lime  to  lime,  in  order  16  beat   it  firm  with  ' 

fraall  bats,     As  loon  ai  this  is  dr) ,  itie  fecund  layer  i>  laid  on,  ..':  ':  ■<( 

which  ciinlifti  of  pollers  clay  worked  up  in  (be  tame  matiiiet  Sccoft4  l^tr'  4 
as  if  prtpared  (or   making   poltery  ;    ihi*  layer   is  «>nty  ,lwo  J^;"'^''^''^^ 
fli  three  inches  thick  at  moft.     It  is  levelleu  according  to  ihe  ihick. 
ilope  «f  Uie  lenace,  which  is  given  it  la  placing  the  beam 

and 
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rroWcl",  atirrf  it  is  pcffcfily  dry.  Wlim  (he  Ha/  farmt  cfacW 
in  drying  lliej  irt:  ilofcd  by  etbcr  day  prepared  (or  lilliiig  uj^ 
thele  chinbi  to  the  botiotn^. 

''  The  fccond  layer  wbeii  perfrftly  dry,  »ntf  free  fuM  cnHnif. 

with  one  (ounh  i«  covered  Vvitli  a  third  layer;  which  ircompnfedof  pul«-en««4> 

-oefciith'&fc   <V  ""'"^  "ill' ■foofih  of  brick  dull.  p»ffial' (hiBBgb •  «toft*- 

and  with  a  Tourth  oF  iitiu  fand;     Thi«  mixiareiK  Korkedl 

i»<bn  iiiicK.      yp  j,j  ,, rough  like  moctar;  ithnhd  atfooa  aT^piupvttd,  an* 

ii  then  fpreut  out  equally  «vct  the  whnle  lerraci:  Uh  nro^bC 

inches  thick  ;  thii  layer  is  confolJdaicd  in  the  ittnc  tnasMtriit 

tfie  others,  »nd  thti  labour  is  coniinued  till  it  i«  perittcUf  4(]r  f< 

and  then  the  argmnoct  ii  tinilbcd.  Tlii*  terrace  in  Tiron^,  and  liM^ 

fuch  lenocily  that  ihe  mad  violent  rains  cannet  peneinle  it;  " 

Houlfi  thu>  A  buifdmg  of  this  fpecies  coft*  in  Ii>dm  but  Ijx  t'ranei  (fiM* 

)t^ak°titht     **'''"g')  f<^  "•«  c'^'c  '■'horn  B"''  i*enl.fely  pt-rtormed  b)ff 

(ubic  iithum.     imfon*.     In  France  it  would  cotl  three  timra  a»  much  fpitt 

r&mclhing  morefn  Englarul)  oiiaccaanl  of  thcgwalerAKpencfll* 

of  labour  an<I  fuel.  "  >3. 

Mifktinidc  HoufetTnay  be  biit^l  in  tliiK  mantter  nT  ai^y  l)cif;ht  requipe4ji 

with  Mni  to-   gnj  ^.f  g,  n,^^^  ftoriei  a(  ate  thought  fit  j  1  liarc  fc*n  fem^T 

Utathadbut  one  (ground  floor;  but  1  have  a1fi>  lieen  oihembav 

Anhaufterihis^^"^'^'^v''^'^  '**"  Aories  sbovc  the  graund  floor.     OtwM'lM^ 

I«t  4]o  yun      ]t,f{  Tott,  filaated  On  tlie  bank*  of  the  Gemna  in  the  pfovim  at' 

■ulR^Si.         Alabad,    was   built   above    4S0   ycati.   aniJ   lli«   wall*.   anAt 

the  whole  of  the  building  looked  31  frelh  as  if  ihey  were  nafasT 
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*  have  found  out  and  invented  a  conlrii-ance.  by  wKidK' 
(he  temporaturc  of  the  rteam  veHbl  or  wofling  cjTindet  of  i* 
neam-engine,  or  of  Ihe  fteam  velfcU  or  cylinttars  whete  robiV* 
llran'one  are  iifed,  may  be  rBiftd  In  any  retlutreil  lemperarur*','' 
wllhuut  adtuittiug  Ream  from  the  boiler  into  any  furraundinft' 
r^'placlc.  whether  known  by  the  T)<ime  of  a  fleam  caie',  or' 
PJ  uly  oiLct  dcnoBiinalion,  That  is  to  l»y,  inHeail  i4  adnritin^ 


w 
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Heaa  of  a  blgli  tempeiBlate  inlo  fueh  receptacle  ot  (team  cafe,  Mt.  Waotr.  : 
■which  (s  always  uiended  with  a  liflc  of  esploiion  propo«ion«l'"^jj|J^JJ;|^ 
fa  the  elallivK]'  of  Uie  fieam  eroplojcd,  I  put  inlo  the  faldginci. 
rurroundin^  receptacle,  or  cafe,  a<I  or  the  fu  of  animali,  or 
wait  or  utiier  TiibAancM  capable  of  beinft  melled  by  a  lower 
letnperalure  than  the  lied i  intended  to  be  employed,  and  of 
bearins  that  heat  without  being  converted  into  vapour:  or  I 
put  itJla  the  faid  cafe  or  caTei  merciiry  or  mixtures  of  meUli, 
as  of  lin>  hiroiulh,  and  lead,  capable  of  being  kept  io  a  fble 
of  fufion  in  a  luiver  icmpeiamre  ilian  chat  intended  lo  be  em- 
ployed  ii)  tvorkinj;  (lie  Heam-engine;  and  I  fo  form  the  far- 
roundicg  cafe  or  cafeta*  to  make  il  or  them  admit  the  afotefud 
oil,  or  olber  fubHance  employed,  to  come  into  coDtafl  not 
only  with  the  lidei  ol  l!ie  fleam  vcITbI  or  veDels,  or  work- 
ing cylinder  or  cylinder^,  but  alio  with  the  bollom  and  lop 
of  tb«  ('Kue,  To  that  tlie  tvhole  may  be  as  mucii  ai  poflible 
maintained  in  one  utrifbrm  temperature;  and  this  lempef>> 
igre  I  keep  up  by  a  lire  immediately  nnder  or  round  the 
cafe  or  cafei  lliat  conlains  IhealbrElaid  <^  or  other  iub> 
fiaiice,  or  by  connecting  liie  faid  cafe  or  cafei  wkh  a  fe- 
perale  velTe!  or  velTeU,  kept  at  a  proper  temperature,  Ailed 
with  the  oil  nr  olher  ftibduice  made  nfe  of  at  afDrefaic). 
In  fcane  circumflFmcet,  or  whenever  the  fame  may  be  con- 
venient or  delirable,  I  employ  the  fluid  melali,  ormixiurei 
of  Rieials,  nnd  oil  or  Other  of  the  fubflances  before  enn. 
meratcd)  at  nne  and  the  fame  time  in  (he  tame  engine;  that 
is  to  fay,  in  the  part  of  the  cafe  or  vciTcl  expofcd  to  the 
'  grealeft  aflion  of  ifie  fire.  I  fomctimei  hare  the  afoftTaid 
metal!  or  mrxlurei  of  metals,  and  in  the  parts  lefs  ezpofed 
to  the  aflion  of  the  fire,  !  put  oil,  or  other  fubftances  ca- 
pable of  bearing  the  requifite  heat  without  belog  converte4 

"  By  ihi<i  arrangement,  and  melh^/d  of  applying  the  fur- 
rounding  heal,  I  not  only  obviate  the  neceflity  of  emptoy- 
jr^  lleani  of  z  great  etpanCve  force  round  the  fleam  veffel 
or  velfels,  or  the  working  cylinder  or  cylindtin,  as  alreadv 
mentioned,  to  maintai:]  ihcm  at  the  temperature  required,' 
but  1  am  enabled  to  obtain  from  fleam  of  a  comparatively 
low  temperature,  or  even  from  waier  ilfelf,  admitted  inlo 
the  ftaam  velTcl  or  vpfreis,  all  the  elfefli  that'can  ba' otj." 
taiiied  Stora  fleam  of  a  high  iwnperarure,  vvilhoul  any'^r 
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r. HUaTi  -^^  f'^St'  nilit  wliicli  the  ptodiiAioo  of  tlie  btlcF  w  M:«Da> 
puTtiBMra  panieil,  oot  Qnly  lo  (he  boUer  and  other  psib  ol'  ibe  km. 
^^'***'  Bhmery.  but  even  (o  iba  live*  of  tlw  workmen ;  Sm  <Bd» 
low  ilaam.  or  eveo  water,  (but  in  evecy  cafe  lleVD  is  pm 
feniblv))  being  adniued  into  a  (leatn  welTcl  or  vefleb^  ot 
working  cylintler  or  cylinders,  kept  al  liie  requitle  higiim 
temperature  by  the  loremeniiuneJ  ipeum,  will  there  b«  <*x> 
paoded  m  aay  iMio  required,  and  products  an  «Sad  in  tka 
tvurking  oT  [lie  engine  whidi  cannol  oilierwife  be  oblMiKd 
bulat  agrealer  axpanfe  of  fuel,  or  with  llie  rilknf  an  e«- 
pla&on.  By  lltM  meant  I  caa  make  Mk  o(  Attn  expatnbd 
in  ai^;,re(]aiEad  rolin,  or  of  an>  Kivvn  lempefaUte,  _witbwt 
the.  oei^IIily  of  ever  l>aving  the  (leain  of  Mij  greaLci  d*f- 
ticily  than  equai  <u  Ihc  preiTun:  ef  the  cgmmtm  at»»- 
fpbeie. 

".-Anoli^er  impraveuent  wliich  I  make  ufeofia  ibwnr 
enginei  con&fu  in  a    meihoU  of  prevcnliug,  s»  moch'  m 
poffible,  tbe  palfage  of  any  of  llic  Iteam   from  that  fideoC 
the  piUon   wbich  is  a^ed  upan   by  Ute  faid   tlcaio  to  tin - 
oiher  fide  wliicb  i)  open  In  ilie  condenlcr;  aod  ibia  i  ef- 
fect, in  ibufe  lleam-enginei  known  by  the  name  of  doublt 
engines,  by  employjng   upon  oi  above  tbc  pjrton  nmoiiij 
ut  fluid  isetal,  or  mt^tals  in  an  altitude  equal  to  (he  preSoie 
of  llie  fiesm.     The  efiicacy  of  ttiit  arrangement  will  *ppafa 
obvious,  from  attending  lo  what  mud  lake  plwein  Htuktng' 
fiicb  a  pillan.     When  the  pifion  i*  afcending,  lliat  i%  -mhm  . 
the  Heam  is  admilled  bebw  Uie  piflon,  the  (pace  on  iu  other  . 
fide  beiiig  «peD  to  (he  condenfe/j  Ibe  lleam  endeavoutiof  to. . 
pafi  up  by  ll:e  fide  of  the  pilf  on  is  met  and  efio£lu«lly  pip  ' 
Tcnieri  by  the  column  ofmeialcquiloi  foperiorio  it  in  prelSire^". 
and  daring  ilic  down  ftiuke  no  lleam  can  poQlbly  pnfi  wathnuL'i 
firll  forcing  all  llie  melal  ihiough.      In  working  wliat  id  CBlfeiL:: 
a  Gngle  engine  a  lefi  confiderable  altitude  of  melal  t«  coqwMd,-^ 
becaufe  the  Aeam  alwayc  afls  on  il^  tipper  fide  o(  ibe  piflgnw  - 
Fur  (Inglc  engirKs,  oil  or  wax,  or  fit  of  animaK  or.  fanilKr: 
liib%ncas,  in  fufficie^t  quantity,  will  anfwer  Ilia  pwpulftt  t(3' 
molber  improvement,,  wbid)  conftitutes  paiL  !D4<myUMd,iniS 
veniJon,  bnappiied  to  iIiq  engine,  i^o^ly  lo  takecafCitbati'! 
tn.f^ec,  Ihe  .daublt:  ui  linglu  ^aginc  fo,  le  be  t^oHiedf  iJMtt:  , 
out^Vtjia^cnrtupys  Lhe/Uaw  >«3'thB  oondenfer  ifhitU  b«fA|Ma)T? 
fcl«d,  aa4'°'' '^  *  fice.  tluit  ibe  Omtia  otay.  |)^(»  «ri|lMMJ. 
forcing 


^ 
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fofdoghefcrait  wcarrylnf  *itli  it  any  of  theihehil  orottirtMf-  '~^ 
fubfi>noe«  ID  ployed,  that  may  liare  pan«J  by  the  pifton;  taking  ;„  itrHUMr     ,• 
cveai  ilielan)ei»providi.'  another  rxil  lor  ihe  melat  or  Other  E^o"-  ^i^ 

TubAuior  collided  ai  the  boriom  «f  the  ilefttti  vcflel  or  working 
cyfiniler  le  convey  the  liime  tnio  a  rcfervoir  kept  at  ft  ptoper 
heat,  .whence  if  is  to  be  tonvnved  to  the  upper  fide  of  th(- 
pilloM  by  a  fmall  pump  worked  by  ibe engine  or  by  any  other 
coKtrivsnce.  In  order  that  t^e  fluid  melat  or  mctaU  ufed  with 
the  jiifliiD  may  not  be  oxidated,  I  alwayt  keep  fome  oil  or 
other  Ruii)  fubDance  on  its  furfnce,  to  prevent  its  coming  in 
cootstfl  with  rbc  Hlmofphere;  and  to  prevent  the  necefBly  of 
emptoyirig  >  large  quanlily  ol'  fluid  melal,  I  generatly  make 
my  piflon  of  the  depth  of  (he  column  requited,  but  of  a  dia- 
meter a  little  Icfs  than  the  fteam  vedcl  or  working  cylinder, 
exceplinj;  where  th';  packing  or  oilier  filling  is  nccelTary  to  be 
applied;  fo  that,  in  (a&,  (he  column  orRuid  metal  rorm<iDnTy  a 
thin  body  round  [he  pifton.  In  fomecafi;?  I  make  a  hollow 
inetDllic  piOoi),  and  a[Tply  an  altilnde  oi'  HuiiJ  raelal  in  Ihe 
intideor  the  working  cytindei. 

•"  It  may  be  ncccfiary,  however,  to  Hate,  that  in  apply. 
ing  my  improved  method  of  beeping  the  fleam  velTeh  of  iteam- 
enginei  at  any  required  temperature  to  the  engine  known  by 
the  name  of  Savary'.-;,  in  any  of  its  improved  forms,  in  whicli 
a  fepKrate  condenfet  has  been  introduced,  1  fometimcs  emplui' 
oil  (or  any  oiher  robflance  llgbler  than  water,  and  capable  of 
boing  kept  fluid  in  tlie  temperature  employed,  without  being' 
converted  into  vapour,)  in  Ihe  upper  part  of  Ihe  tube  or  pipe 
attached  to  (bo  (iusm  velTpl ;  by  which  means  fleam  of  any-  ' 
icnqieralure  may  be  ul'ed  willraut  being  expofed  to  the  iifk  of  t 
I)Brlial  condcnfation  by  Ih*  admiHion  of  any  colder  body  irio  '  ' 

the  (ICMo  veffcl ;  for  llie  oil,  or  other  fubtlance  employed  (Jf  - 
this  pur pofe.  Toon  actfuire^  the  retjuilile  temperature;  and'lQ' 
prevent  nnneoeffary  efeape  of  heal,  I  conftrufl  of,  or  line  f 
with,  an  imperfect  condiiflor  of  heal,  that  part  of  the  lube  of  * 
pipe  attached  to  thu  ficam  vcflel  which  may  not  be  heated  ex- 
teriorly.    And  funher,  [.n  h  already  the  praaic'e  in  fome  en- 
ginei.  and  therefore  not  excluftvely  claimed  by  me,)  I  caofe  " 
the  water  raifed  by  (h^  engine  to  pafs  off  through  anothej-  af- 
ccmlinif  tube  than  the  one  attached  to  the  fleam  vellel,  hift'  ' 
conMfled  with  ii  at  fi'ine  part  lower  than  the  oil  oT  rtMf* 
Jub«tn«« employed  in  it  i«  ever  fufTf  ed  to  difwnd  to  ik  rf*"'** 
workinc 
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'  working  Df  (he  engine.    The  iiii|MrovaiMiil  wbich  I  lik9t  joS 


mcnCionedy  of  introdoctng  oil  into  (ho  pipo  ■llachod  lo 
(be  fieam  velM  of  lucii  e«gioc«t  nay  nlfo  bo  indodoced 
widiout  applying  licat  exteinailjr  (o  (ho  floaib  voflcl ;  hit(  in 
this  cafe  pari  of  (he  effed  which  woaU  otherwife  bo  gained 
is  ioa/' 


V. 

I 

On  the  Magnffian  Earth  qf  BoMdiJtsro*     By  M.  GtOBiat. 

(Cimcludcd  frov  Pige  iS^.) 

The  e«tV>  of        X  O  afcerlain  llic  proportions  of  thefe  conftitnent  parts  of 

•■JJ*^***  ■^"  the  magnefian  earth,  we  lixiviated  a  given  weight  of  it,  and 

precipitated  the  fulphuric  acid  from  one  part  of  it  by  acctite 

of  barytos,  and  the  lime  from  the  other  part  by  oxahite  of 

ammonia. 
ItcwUint    be-     '^^^  weight  of  (lie  oxalate  of  lime,  and  that  of  (he  fnlphate 
fidet  iiu4{nefi>»  of  barytc«,  obtained  from  it,  (hewed  us  that  it  contained  1,60 
lalplMtt     ""^»Qf  tj,e  fulphate  of  lime.    The  experiments  before  recited  de* 
•--wiA  filex,      teriniiK^  the  proportion  of  tlic  filex  contained. 

cacbonic  '^^  prove  that  of  the  carbonic  acid,  we  both  calcined  a  given 
weiglil  of  the  earth  in  crucibles,  from  which  fyphont  pafled 
into  bottles  containing  lime  water ;  in  order  that  the  carbonic 
acid  t^as  furniflicd  by  the  earth  might  be  precipitated,  and  alfo 
diiyolvcd  confidorable  (]uantitics  ot'  it  in  acids  by  the  a^on  of 
heat,  and  received  the  ga^  produced  in  bottles  filled  in  like 
manner  with  lime  water;  the  tlrd  method  produced  conflantly 
tiiC  moll.  Tlic  carbonate  of  lime  formed  in  thefe  different 
experiments  appiizi'd  us  that  100  parts  of  the  earth  contained 
frum  S  to  12  of  carbonic  acid,  and  fometimcs  a  little  lefs  in  the 
fiony  Ipecics. 
wticf.  If  this  weight  of  the  c^arbonic  acid  be  dedufied  from  the 

lofs  of  weiglit  wliich  this  earth  fuflFers  by  the  calcination  in  the 
lire,  which  \va>;  mentioned  before,  we  thai!  then  have  tbt 
quantity  of  water  which  the  earth  contains.  In  colleAiAg  the 
refuitNif  tlie  different  experimentsi  it  appears  that  the  earth 
of  Baudidero  ii-compoled  of 

Magnefia 
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Magnefia     -        -         .'    PS  Preportionf 

r     1        Carbonic  »cid      .         .     12  ■     ■  •*"'*"■ 

■     .       Sikx  -  -  -      15.60  .      ... 

Sulphate  ol  lime  •        •       1,60  x^i 

:.  lU  .'..'.-..    Water.         -        -        .       S 

•Ni^a^flt'WxxM  Uf'i-  ■"■  '■ 

100,20 
tl  19  from  ihefe  rerjilt  (hat  I  dcnominale  (hit  earib  nalivelcmarbe  cilej 
manwfia.   It  ii  doubdefii  ibua<l  mixed  wiih  aliule  Glexi  bui  "'I'U"^'"']' 
■  r  Ihe  lille  nr  naiive  alumeii  ii  given  lo  tlie  alumenous  earth  of 
Halle  in  Saxony,  which  cunUins  2i  ]>art(  o(  the  lulphate  of 
lime;  iT  ilie  name  ^r  native  magnefia  is  ^iven  Lu  ihat  of  Mo- 
-  ra«ia,  announced  by  iMiichatl,  of  wbicli  100  parte  contain  50 
of  carbonic  acid ;   JL  a|iptMrii  lo  me  that   the  eaflh  which  I  de~ 
fcribe  hai  a  much  better  titk  to  the  name   which  I   have 

The  earth  tif  Baiidiiri:r(>  alTurdi  a  TubjeA  far  interefting  ob-  Suppoiu  h  1m 
fcrvfttions  in  the  invefilgalion  of  iU  origin.     Manj  fuHt  it^^lt'^^tl'^t 
me  lo  believe  ihat  this  eailh  and  the  Corneen  Hone  or  Cacho- ihc  Corncen 
long,  defcrlbed  and  analjfed  by  my  colleague  lionvoifin,  aicj*^"'™^*^ 
bolliof  (he  fame  nature.     [[  appears  lo  me  that Cacholot^  a[ 
•  certais  point  of  its  decompofiiion  furms  what  Bonvoifin  calls 
the  bydrophane  of  Piedmont,  and  that  in  its  complete  deeoni- 
polilion  it  forms  the  magnefian  earth  of  which  1  here  give  the 
Aoalj'fis.     BonvoiHn  iiai  declared  himfelf  of  an  opinion  pre- 
cifetjr  contrary  to  this ;  for  he  has  fuppofed  thai  tlits  earth,  far 
fiom  being  the  pri»diifl  of  the  decompofilion  of  Cacholong, 
it  the  element  of  ii«  lormalinn.     Our  ce'lcague  Gioanetii  it  of 
the  fame  opinion.     In  thefe  two  hypnthefes,  the  change  of 
one  earth  into  anoihei  i)  tnanifell.  that  is  lo  fay,  the  change 
of  filex  and  alumen  into  roagneGa  in  my  meth'xl  of  consider-  And  Atnfon 
inj{  the  matWi ;  (tor  it  is  principally  of  ihefe  two  earths  that  '^^^  cithtui 
Cacfaolong  and  Hydropliane  are  compofed,  from  the  analyfit  ],  cliin^td  ii 
of  Bonvoifin  i)  and  the  change  of  magnefia  into  alumen  and  migii'iii) 
iilex  according  to  the  hypotheCs  of  BonvoiGn  and  Gioanetii.  ™(1'  *  '"" 
Ai  thii  fubjeA  appears  to  me  lo  be  very  inlerefling,  1  inKmd 
lo  make  a  comparative  analyfi*  of  thefe  Hones  at  the  differ- 
^«nt.  degrees  of  Iheir  decompolltion  or  enlering  into  the  fial« 
ef  agate  (ogMjaiion)  which  Ihatl  be  the  fubjed  of  another  itffiA 

aeinoir.  ' 

Voi.Xll SupriiMiHT.  y  Tii«e 
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There  remains  yet  for  me  to  examine  the  ecosomical  ofes 
for  which  this  earth  may  be  empIo}'ed. 
^  The  experiment  which  I  related  in  the  beginning  of  this 
memoir,  of  the  decompofition  of  the  fulpbate  of  iron  by  this 
earth,  which  produced  an  excellent  fulphate  of  magnefia,  in- 
dicates one  of  the  methods  in  which  it  might  be  a  fed  to  ad- 
vantage. 
Sulphaceof  »f  •     Twenty-five  pounds  of  fulphate  of  iron  cofi  only  three  Cranes 
"*^  ?2  ^*i     ^^^^  ^^»  while  the  price  of  the  fame  weight  of  fulphate  of 
fnmi  it  to  ad-     magncfia  is  eight  franc«,  from  this  it  follows  that  this  procefs 
vantage  by  the    may  be  followed  to  advantage.     To  this  may  be  added  that 
SildMte^firon»^^^^  fulphate  of  magoefia  of  commerce^  being  impure,  and 
ddcribcd  before,  mixed  with  much  fulphate  of  foda,  cannot  be  compared  to  that 
ti^rofcom-       which  may  be  procured  in  this  manner,  which  equals  the  bed 
aerce  to  general*  fait  from  *  *  canal ;  fo  that  in  this  comparifon  the  more  pore 
fulphate  of  magnefia  thus  obtainedi  may  be  valued  at  ten  francs 
at  Icafl,  and  in  reality  is  worth  more. 

This  however  Is  not  the  bed  method  to  porfue,  when  the 
operator  has  it  in  his  power  to  follow  the  others^  which  I  am 
going  to  recite. 

Tiie  following  experiments  make  known  two  precedes  mocb 
more  economical. 

In  the  fird  experiment  I  took  two  pounds  of  the  earth  of 
Baudideroy  reduced  to  a  coarfe  powder,  with  the  lame  quan- 
tity of  tlic  luiphuret  of  iron  of  Brozo  reduced  to  powder  in 
like  manner,  I  mixed  them  together  carefully,  and  treated  one 
half  in  a  crucible  on  the  lire,  and  the  other  half  in  an  iron 
capfule. 
Or  by  ponnaing      1"  both  the  mixtiifc  healed  to  rednef^  emitted  fparks,  cfpe- 
thefc  and  heat-   eially  on  beinu;  Itirred.     It  I'eeraed  to  bocome  reduced  to  a 
rluciblea:  ^^^''-V  *^"^   powder;    a.  lort  of  boiling   took  place,    produced 

doubtlefsly  by  the  difengagenient  of  carbonic  acid,  and  here 
and  (hcri)  appeared  dameii  of  fulphur,  which  burned  without 
exhibiling  any  Cgn  of  the  production  of  a  fulpburet.  The 
fulphiiroijs  odour  was  not  however  very  troublcfonie,  from 
whence  it  appeared  tliut  tiie  roagneda  abforbcd  witii  readinefs 
the  fulphuric  and  liilphuroiis  ucids  in  pro{)orlion  as  they 
were  formed  by  combiidlon.  The  mixture  became  of  a  black- 
idi  grey,  or  more  proper!)  a  black;  but  which  appeared  grey 
.  from  tho  ^vhite  particles  which  dill  remained  mixed  with  it. 

Alicr 


L 


"AlferhklvigXeh  three  IitinVslocw!,  ff  wSii  ffioTffetiei  Witlite»Tln8io<li(eft 

%aler  and  fwi  away  lilt  ncxi  H^y,  a  part  of  H  was  iheH  tl\ivl.  ^S,1'^\;,u 

iited;  ifii.' folutiiin  bang  ni.iJe  tlcar  and  trealed  with  anlmo- oiU  witu, 

"ilia,  gave  an  abuTiJanl  aiiJ  very  white  preclpilaie.     ThU  clf- "*''"^''e' 

cumfiaiiL*  imlicafin^  llial  mucli  of  Ih'e  magnelia  was  combined 

^*filh  ful[ihiirtc  acH  in  llie  Operatfnn,  all  the  lemainder  was 

liKJvialcJ.     Tl:c    very  cl^-'ur    li-tiviiim,      eknporated  properly, 

produced  at  ihu;  firft  cryllalizallim  a  pound  olTulpliatc  of  raag-mdcrjltiljtlni, 

tiefia  ii)  beaiil!fi)>tTyrtaIi,     Tlie  remaining  liquor  gave  on  fud- 

cbnive  tvaporalii-ii-u  ]><ruiid  and  IihIT  more  of  <li<:  fame  fait 

^in  fina  ctyftals,  very  dry  and  very  while.     Tlie  liquor  pro- fin!  irjfljri  in 

'diirtd  cryllals  to  ilie  lafl  drop,  and  the  molbor-waler  never  •^^«'"  "^ 

became  foul.  The  rnother- 

Tlie  mixture  vi'liith  remained  after  lixivialion  was  roaRed  "**'' ""p- 

B  feconj  lime,  and  again  produced  liilpbale   iif  magnefia:  U  gi  •  ■ 

was  then  thrown  away,  although  apparently  it  would  have" 

jrielded  more  fulphate  of  magntfia  afiet  another  tornticalion.    r-,"flrt^»it«d 

In  anotherexperimciil,  pure  fulphur  was  ufed  inflead  of  the  n-t>xi viand 

'fjyrites;  "it  was  eafy  lo  foreftt  that  the  riitiill  wuuM  be  'he  J™  "*'•"'" 

famoi  it  was  however  dufmBble  lo  prove  ill  and  the  rerult Fur fut,->hur 

Vai  p^rTeflly  fBtisfaiftory.  ".^V."  !""*  °/ 

•  1  !  .      ,    (lit  rulpliale  of 

The  ule  then  whieh  may  be  made  of  thrs  earth,  confifii  in  iron  anftvcn 
forming  with  it  liilplmle  af  magneiia.     The  meum  by  whiuli  'l"^'*  •«"- ^^ 
Yhis  may  be  done  are  pi-ihaps  llie  mufl  fimple  poffible.     It  in  (,),,„  „£  ,n,g, 
Tuflicieiit  to  reduce  lu  ponder  ihe  ea'lh  and  the  fulphar,  or"*^'  '"'^  '"8= 

'the  fulphurel  of  iron,  where  it  can  be  eafily  procured,  as  may  "cfia^  cirth'»nd 
"be  done  at  Baudifl'ero.     Thefe  (ubilaaces  piould  be  mixed  in  pjiim,  li^1ill^ 
almoil  equal  part^.;  fur  it  isufcfiiito  proceed  Willi  an  excefa"  "^' ""'''"°*' 
■if  ihe  earth,  and  ihe  more  fo.  ai  iti  cod  is  atmoR  nothing ! 

'The  mixture  (houlfl  be  toitlfied  in  an  ofen  or  li'n,  heated  to 
Ihe  degree  at  which  (ulj^iir  inflames,  and  wheu  tliere  appear  no 

''inore  jet*  of  lulphurons  Itamei,  the  kitn  15  ioT>e  kfi  lo  cool. 
The  matter  being  then  drawn  out  (hoidd  be  nioillened  with 
water  in  citlerns,  and  left  lor  fome  clajs,  only  taking  care  to 

'flir  it  In  that  time. 
'    The  part  (if  the  fulpliur  which  in  burning  had  only  palTed  to 

*lhe  (fateof  fiilphufijusactd,  oxigenales  gradjaUy,  or  the  fait, 
which  at  firft  wis  but  a  fll^pbTte  changes  to  a  fuipbalc.  The 
indtler  ii  then  tobe  fixivialed,  in  the  fnfoe  manner  that  Mofed 
for  nitrooi  earths,  (Ire  Irtpftjr  fcflfcilKnt^'  evaporated,  and  Iftft 
to  cryAalize  by  couling. 

Y  2  Ano'.faet 
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Another  pioccft  Anolhcr  method  ma)-  be  followed  in  places  where  fulpburctJ 
where pyntti  Jrc *^®  worked;  or  where,  as  at  Brozo,  there  is  a  manufadure of 
buroed.  fulphate  of  iron.     The  kiln,  where  the  pyrites  arc  burned,  maj 

be  aiverea^th  ^^  <^overed  with  an  heap  of  the  magnefian  earth  ;  the  fulphu- 
•  hejp  of  mag-  ric  acid,  which  is  difengaged  will  be  abforbed  by  the  magne- 
neftan  earth.       gj^ .  gj^j  ^^  ^jj^  advantage  of  putting  an  end  to  the  complaints 

of  the  owners  of  property  near  the  manufadare,  will  be  added 
Which  when  that  of  fulphatin^  the  magncda,  from  which  the  fait  may  after- 
acW  vapours,  wards  be  procured  by  lixiviation.  This  laft  procefs,  if  it  were 
may  be  lixiTi-  inlroduccd  into  the  maniifadory  of  Brozo,  would  produce  the 
*^    •    «  fulphate  of  magnclla  of  commerce  at  a  very  moderate  price. 

7he  magnefian       As  the  magncliaii  curih  of  Baudiffero  forms  an  excellent 

tarth  ufcful  for  porcelain  with  filex,  it  prefents  befides  an  interefting  fubjea 
porcelain  and       '  .  •  .  . 

pottery»  f(>r  relearch  relative  to  the  fabrication  of  pottery.     With  this 

earth  and  a  quantity  of  the  argillaceous  earth  of  Cafiellamonte 

and  mixed  wjth  fufHcient  to  unite  it  into  a  pafle,  I  formed  fome  crucibles  and 

ci'Ss^^rcmd'  ^'^P^"^^*s-  Thefe  crucibles  were  expofed  for  4-8  hours  in  the 
hard.  furnace  of  theglal^^-houfe  of  Po.     The  earths  did  not  feera  to 

have  formed  a  fuificieiU  union ;  neverthelefs  the  hardnefs  of 
the  crucibles  was  fuch  that  they  coiild  not  be  affected  by  the 
nle.  Dodor  Gioanetli,  who  is  now  engaged  in  manofafture 
of  ftone-ware  pottery,  will  hereafter  throw  light  on  this  fub- 
jea. 

I  end  this  part  of  my  memoir  with  obferving  that  the  trials 
which  I  made  of  this  earth  as  an  abforbeut  in  veterinary  medi- 
cine I'uccecdcd  perfedly  vvv^ll. 

Addiiion^  to  the pnccding  Mcviuir,  by  the  JUttie, 

The  earth  of  P'arther  refearche^  which  I  made  on  argillaceous  earths  have 

Caftellamonte  '^  „|^,^^„  jj^^  ^^^  uiidciilaiid  that  the  earth  of  Baudilfcro  is  not  the 

fiimlar  to  that  ot "  -  -     i-        , 

BaHdiflero.         ^nly  one  known  that  conhlts  tor  the  molt  part  of  magnefia. 

The  fame  kind  is  alfo  found  at  Caftellamonte,  a  large  village 

near  that  of  BaudiOero. 

M.  Bertoline,  dodlor  of  medicine,  one  of  the  moft  emiren: 

of  my  pupils,  having  repeated  the  detail  of  the  experi-  ..  ,i 

which  we  made  at  the  general  fchool  of  chcmiftry,  ir  .*.'.. 

to  elTay  a  particular  earth  of  Caftellamonte,  his  cir:::^  ,  .vi 

he  thought  would  furnifli  the  alumen  which  ua    :.  .^J  .  iV; 

fucccfsfully  in  the  earth  of  Baudiftero  ;  fo  ,»   ttr-   .,  Lv  :ii . 

of  M.  Onorato,  furg^on  of  Caft^^'^^-^^^  vnI.j  u   u.^  ■■■■ 

1-. .::.-• 


priufor  of  the  land  where  Uii?  earth  i*  found,  t  received  a  largo 

ijiraiitUy  cf  ir,  and  we  examined  il  comparaCively  wriih  tliat  of        '  '    _T_ 

lUudtitiiw.  << 

Theearlli  of  Cadellamonte,  wl.icli  wai  brought  lo  ut  had  When  firdati^ 
Tiearl^.  ■!,«  fame  npp.arance  a.  .ha.  of  B.udifTero ;  hu.  when  ?^•Kf-^ 
it  is  tird  dug  up  Irtini  the  ground,  it  hii  on  [he  other  hand  dif* 
lerisnt  exlernal  appearance',  whicli  fo'-n  'i>  depend  on  ihc  dif- 
tetciil  degrees  ul  decumpoCtion  of  ilie  Coineen  flone  or 
Cacliolong,  which  is  found  at  CaHellamonic  as  well  at  al  Bau- 
<3inern. 

The  culour  of  (hit  earlh  ii  a  white  inclining  lo  btuellli.  In 
«  mals  Ihii  earlh  is  opaque ;  bul  wlian  fmall  fragmenlt  of  il  of 
a  tninule  thicLncd  are  examined,  [hey  have  a  femi-lranrpa- 
rencjf. 

In  ilijj  refpefl  il  has  a  (Irong  rcfemblancc  lo  horn;  il  ifivery  RercmUoIiorB, 
fofi.  and  maj-  becul  with  a  tnife  like  hard  cheefe.     Il  is  niorej^^''^^ 
undudun  lu  Ihe  [uuch,  and  a  hllle  more  adlicC  ve  to  the  longue  unauoui,  lad 
Uian  the  earth  of  BaudilTero.  '^I"™  »"  » 

Trailed  Miih  Ihe  acids,  lite  the  &>ft  fpecies  of  BaudilTcro,  |ht  fiT* 
it  becomes  dilulod,  and  then  diffiilvcs,  bul  ha.*  however  a '^<^>  ™' •*»- . 
very  r;:markable  difference,  which  U  ihal  il  dilToives  in  all  l^e  "^"  "'"^  "^^ 
ftcidt  witboiil  the  leaR  efrervefcence. 

Il  alfo  Aact,  not  yield  ihe  lead  appearance  of  carbonic  acid 
,    on  eKpoIing  il  to  ihe  fue  in  doted  vefieU  lurnifhed  wilh  1)- 
pbonf,  which  communicate  wilh  limb  water. 

Thi«  earlh,  like  ihal  of  Baudilfero,  doei  not  contam  Ihe 
lead  trace  of  aliimiiie  or  of  oxide  of  inin. 

I I  contains,  fiuiiiarly  to  Ihal  of  Baudiffcro,  a  lillle  fulphale  CanGAi  afttis 
of  lime  and  muriate  of  magnelia,  which  may  be  ftpnratcd  by  ^'"^  ^"tJa""** 
linivialion  in  water. 

Tlie  remainder  contm*  entirely  of  magnelia  and  filex;  but  But  conulni 
the  proportion  of  ihis  latl  is  greater  in  it  than  in   ihat   of  Bau-  """«  ^^'^• 
diflern.     li  may  be  computed  at  from  10  to  '20  hundredth 
par's. 

When  this  earlh  is  kept  in  conlaA  with  ihe  sir  its  exlernal  Changu  its  ip- 
charaflers  change.  ^ZZ'a^" 

III  colour  becomes  by  degrees  a  dull  white,  ihc  fame  ai  has  dr, 

been  remarked  of  the  earth  of  BaudifTcro.  "  »  ^"l'  •''iiet 

Iti  femi-lranrparence  h  lofl ;  its  particlei  rejiarale,  and  in  Lores  iu  (tau- 
Iwo  or  three  ivet-k'!  it  i"  fnund  lo  have  abforbed  carbonic  acid  'nnlp*™"". 
1*  tliat  degrac  ai  lo  makr  a*  marked  an  effen-efcencc  with  the  bonie  «i4,  cb  u 

acid  "  '■Strtck  witb 
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comes  like  the    acid  as  Ibe  caflh  of  Baudiirero.     In  a  word,  it  is  compleleljr 

fero,  with  the  ~  ^'^^  ^^^^^  ^*  ^'^'^  ^^^>  ^'i*'*  ^'>'''  '^'^  difli^rence,  that  ^hyfically 
Cmall  difference  conlidered  it  is  lefs  compad),  and  betOPDe^  even  friable,  ^nd 
chemically  confidered  it  contains  a  little  mpre  (ilex. 

It  appears  then  to  be  well   pro\ed  that  the  earth  pf  Bau- 

diflfero  and  that  of  Caflellamonlc  are- each  a  true  native  niag- 

nc^ay  mixed  with  a  little  filex.     In  the  eanh  ^f  .Ciiflellamofile 

it  is  fufficiently  uemonflrated  that  it  contains  no  carbouic  acid 

when  in  the  bofom  of  the  earth;  and  that  il  only  conUins  jl 

\%hen9  after  a  l;>ng  .expofure  to  contact  with  the  air,  it  can 

abfoib  it  from  the  atmofphcre.     That  of  BauditT.^ro  contains 

Karth  of  B«ti*     ^^  ^'^^^  carbonic  acid,  bat  the  quantity  is  much  inferior  to  that 

diflero  has  not     Mrhich  it  Ought  neceHarily  to  contain  to  be  confidered  a  carbo* 

be'ctfbonate  of  ^^^^  ^^  magncfiii ;  befides  the  earth  of  Baiidilfero  having  been 

OJgQefiiu  worked  for  a  long  time,  and  being  thus  inconta^  with  liieair, 

it  is  from  the  atmufphe^e  it  mufi  have  drawn  it,  and  ti..it  in 

if  dugfWnn  a     proportion  to  the  time  it  Jias  been  expoted  ;  at  lea(l  I  have  no 

fpffieicnc  depth   doubt  that  if  tlic  earth  of  BiunKTero  was  dug  up  from  a  cet- 

contain  no  car-    ^^^^  depth,  no  carbonic  acid  would  be  found  in  it. 

bonic  acid.  I  ^-iH  conclude  this  ad%iiLion  to  the  mcmoir»  by  ohferving 

lette  pnvbab'.v'   tJiat  the  earth  of  Mufinet  at  Cafciette,  being  produced  by  the 

xnagncfian  alfo.  decompoiitiun  of  the  fau^e  Corneen  ilone  or  Cacho-ong,  ought 

difo  probably  to  be  a  magneiian  rurlh ;  but  I  have  not  }et 

made  any  expe^imenl^  en  this  eanh;  Doctor  Bunvoiiin,  who 

hafi  given  the  analyli^i  of  it  lo  its  ftate  of  Cacholong  and  H\- 

The  author  pro-  drophane  flone,  propofes  in  conjundion  with  me  to  repeat  the 

pofcs  to  analyfe  anal^fis  of  this  (lone,  in  the  true  ftate  above-mentioned,  and 

H^dmpha'nc?'*    »'"  ils  earthy  ftate;  which  Ihall  be  the  fubjeft  of  a  particuhr 

and  write  a  me-    memoir.  * 

moir  of  the  rc- 

*  The  laft  «fc  which  Mr.  Giobert  mentions  for  magneiian  earth 
is  of  the  nioft  confequcncc  of  the  two,  for  as  fulphate  of  m^ignefia 
is  only  ufed  in  medkinc,  the  fale  could  not  be  fufRciently  extcndre 
to  produce  much  profit  en  a  large  uAe. 

The  ufc  of  this  earth  for  pottery  \%  the  more  delervingof  notice, 
as  it  has  hitherto  bctn  fuppofcd  that  argil  was  alone  proper  for  this 
purpofe  i  and  though  it  was  long  known  that  magne{i<i  is  of  a  very 
refradory  nature  in  the  fire,  Mr.  Giobert  feems  to  he  the  firft  who 
thcught  of  nfing  it  in  crucibles  j  which  is  the  more  extraordinary, 
a<  the  fapis  oILiris,  which  derives  its  name  from  its  property  of  ferv- 
ing  to  make  utenfds  to  bear  the  fiie^  ii  well  known  to  contain  a 
large  proportion  of  magnefia* 

9  As 
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FiiJI  Couiiitarucatim  on  an  artificial  Tan  prtpartd  ffon  Coal, 
dared  Wood,  refinoun  Suhfianoei,  Ifc.  Abridged  from  the 
Original  of  CtiKKLti  Hatcheii,  Efq,F.R.S.* 

Mr.  HATCHETT  firft  notices,  Ihai  Ihe  nalnral  tannin  F-rft  diftowry 

wa*  firfl  cxlra£led  from  ihe  maiictt  wliici)  conlain    il,   I'y  M.'sJg "inuiJ 

Mr.  Dej'L'ux,  who  confidereil  it  a<  a  Ijii^cies  of  relin;  thatOijeui. 

Mr.  Seguin    firft  difcovered  it  lo  be    (lie  fubflance  wliich 

in  the  procefs  of  tanning  renderi  animal  Ikini  infoiuble  in 

ivaler,  and  imputrefciblci  biil  that  Mr.  Chenevix  alone  had 

noticed  Ihe  effefl  of  heat  in  giving  coffee  berries  (he  power 

in  decL'^ion  of  ptecipiialing  gelalen.     He  then  Hates,  ihal  Ref-lt  of  w 

his  e\perinit.-iili  on  lac,  and  fume  of  the  refins  having  (hewed  f^,"^'^^ 

liiin  ihe  powcrl'al  aSion  of  nitric  arid  on  fuch  fuhflintei,  in-  laduced  athen 

doced  him  lo  (r>  its  eff'efl  on  afphallum  and  jil  i  Ihefe  m '''""' 

It  formed  a  dark  brown  folulion,  and  a  precipitate,  which  by  ni 
digcrtion  in  anoiher  poclion  of  the  acid  became  diflblved, 
and  on  cvaporalion  produced  a  jellow  vifcid  fubflance  folubic 
In  water  and  alcohol,  and  peileflly  fimilar  lo  that  obtained 
■\iy  (iinihr  means  from  the  rcfin*.  excepting  iliat  when  burned 
tt  had  ihe  colour  of  the  fat  n\W  JUn  refuti  led  lo  the  fuppofi- 
tion,  that  the  dark  brown  folulion  wai  of  the  carbonaceous 

Ai  native  mngnclisn  cnrth  would  dDubiUfi  lie  of  great  uTc  lo  die 
(Kiitcriei  uf  thii  eountiy,  it  n  i  jilcafing  toafi deration,  that  it  ia 
cxttemely  probablE  it  may  be  found  in  England,  a<  well  ai  on  tlte 
Continent  f  for  not  only  tlcalitci  and  other  uugnclian  Aonn  hiive 
already  berndirtovcicdheri',  hut  that  fall,  which  it  i«  M.Giobert's 
principal  objejl  to  manufaflure,  ii  the  natural  prfnlgce  of  thtl 
''country,  nnd  thcrrforc  the  neighbourhood  of  Epfom,  whi«h  ^vei 
it  it;  name,  may  well  be  rufpcCled  of  containing  bcJt  of  an  eirth 
jiirilar  to  that  of  BaudilTcro. 

There  is  alfo  fome  reafon  to  fuppo&,  that  this  earth  may  be  one 
of  thofe  irgredieuti  In  china-ware,  which  the  Chinrfe  etidesvouT 
to  keep  fi'cicti  indeed  it  U  hardly  probable  they  Ihould  be  ignorant 
of  its  ufe,  in  «  country,  where  the  fiiicl)  earth  era-wart  \o,%  been 
manufa£lur°d  in  llie  grcateA  perfcflion,  fiom  period  antecedent ' 
to  the  date!  of  the  aulbcnticaKd  hiHory  of  Europe,  and  where  of 
couife  expcrimeiiti  lelalive  to  ibc  compofition  of  thU  article,  mitft 
have  been  varied  to  the  greiteft  tSICnt.— B. 

•  PWofi  Tiant  laoS. 
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mattery  and  that  ihe  jclbw  piyeeipttate  was  the  eflUpal  part 

of  tbebiiumeniy  which  was  confirmed  by  refulta  from  amber  ; 
PSt-coal  treated  feveral  experiments  were  tried  with  various  fiirts  of  pit-coaf, 
Biaan^K  ^^  *''  which  the  brown  folution  was  obtained  in  abundance, 

bat  thofe  which  contained  little  or  no  bitumen  did  not  yield 

the  yellow  precipitate. 

Proems  with  the  Cool. 

100  grains  of  coal,  in  each  experiment^  were  digelled  in 
an  open  matrafs  in  a  fand  heat,  with  an  ounce  of  niiric  acid 
(of  the  fp.  gravity  of  1 .40)  dilated  with  two  ounces  of  water, 
which  when  warm  produced  effervefcence,  and  difcharged 
much  gat ;  after  two  days,  a  fecond,  and  fometimes  a  third 
ounce  of  the  acid  was  added,  and  the  digeftion  continued  for 
five  or  fix  days,  when  nearly  the  whole  was  dtlTolved,  except 
the  precipitate  which  was  cenftantly  feparated. 
inJtiaff^l-  Charcoal  was  next  tried,  which  diflblved  more  readily  than 

the  pit  coal,  and  left  no  refiduuro. 

The  feveral  fulutions  from  afphaltum,  jet,  pit  coal,  and 
charcoal,  were  evaporated  to  drynefs  gradually  to  prevent 
burning  the  refidue,  which  from  ail  were  of  a  gloflTy  brown 
fubHance,  of  a  refinous  fracture,  and  had  the  following 
properties. 
Properties  of  the  1.  They  were  fpeedily  diflblved  by  cold  water,  or  alcohol* 
"l^^f^^^^j^^  '^'^'       2.  Their  flavour  was  aftringeni . 

3:  Expofed  to  heat,  they  ('welled  much,  and  gave  a  bulky 

coal. 

4.  Their  folutions  in  water  reddened  litmus  paper. 

5.  And  gave  copioufly  precipitates  from  muriate  of  tin, 
acctite  of  lead,  oxy-fulphate  of  iron,  of  a  brown  colour, 
except  the  tin,  which  was  dark  grey. 

6.  They  preci paled  gold  in  the  metallic  Rate  from  its 
folution. 

7.  They  alfo  precipitated  the  nitrates  of  lime,  and  of 
barytes,  and  other  earthy  falls. 

8.  The  fixed  alkalis,  and  ammonia  added  atfirfii  deepened 
their  colour,  and  afterwards  made  them  turbid. 

9.  They  caufed  precipitates  from  glue  or  ifinglafs  folutions 
in  water,  more  or  lefs  brown  according  to  their  (Irenglh, 
which  were  foluble  in  cold  and  boiling  water,  fo  that  in  their 

eHential 
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eiTenLialqxoperlie!  they  firoved  CmilBr  (o  thofe  (Mmei  bv  the 
varieties  of  lannm  bithuflo  known,  except  llut  ihey  conlftitied 
no  gallic  aciil  nr  niuciiage.  ■  "'^■', 

Animal  coal  rromilirgUrs  wai  al(b  Iriedln  the  fame  mannef,  ReGIoWji:|tf"; 
1U»  diffulwKl   very  ilowly,  but   l^ft  n  liille  of  (lie  coal  in-JU'^f,'^ 
changed,  ill  rolulion  ivat  of  a  deeper  colour,  and  managed  as  ^uatiiJeii  aadf, 
(he  others  defctibed,    produced   (imilar    t:W-:Rs  wilh    the   re- 
ageiiti,  except  fome  difference  in  the  colour  of  ihe  precipi- 
lates;  and  alb  gave  an  infolublc  precipiiale  Uotn  ilie  folu- 
lion  of  ifinglafii  by  which   ihe  curious  fafl  i'  proved,  that 
one  portion  of  the  Ikin  of  aa  animal  may  be  made  to  convert 
anullierinio  leailier. 

"Coakgavea  fiiKilion    rcftmbling  that  of  pit  ccial,  but  did  ^d  o(  eaik  jlfo. 
uot  produce  I  lie  feme  yellow  prfCipitalc. 

Tliefe  eKperimenis  fliew,  that  the  tanning  fubfiance  is  bcU  J'"'""^^^ 
procured  from  carbonaceous  mailer  when  it  ii  uncombined  cured  fiem  cir- 
-wtth  any  fubdane   but  oxigen;    which   was   confirmed    by  l"?"- <"«:™"jw«' 
experimentii  on  Bovey   coal,    SulTcx    coal.    Sutlurband   ffoi  butoilpn, 
'-Iceland,  and  deal  faW'duA,  which  being  diiMvcd   in  niiric 
acid,  aud  evaporated,  the  refidues  dilTiilved  in  vialer,  neiiher 
precipitated  gclaien,   or  (liewed  any  other  fignc  of  laniiii^ 
matter;    but   w)ien   the    fame   materials    are   charred,    antl 
treated    as   before   defcribed,    they  copioufly  produced    the 
artificial  tan  ;  as  did  alfo  leak  wood,  which  Mr.  Hatihett hiid 
proTL-d  to   contain   neither  tannin  or  gallic  acid  in   ill  un- 
oharred  flate, 

Mr.  Halchetl  had  rpaJe  fevcral  experimenls  tjn  the  flow  Cjrhonl.ition  oi 
caibonization  of  vegetable  nialieri  in  the  hunid  way,  princi-  t,y  rulphwic 
pally   by  fulphuric  acid,  occalinnally   diluted.     Concentrated  >cid. 
fulphuric  acid  poured  on  any  rennnut  lubHance  reduced  to 
powder,  diiFolves  it  in  ^  few  minutes;  llie  loluiion  h  Iratif- 
parenlt  of  a   jellow  brown  colour,  and  a  vifcid  oi]-like  tMiiu 
fiflencc,  but  after  being  placed  on  Ihe  fand  bath,  grows  darker, 
evolves  fulphuric  acid  ga<,  and  at  la(l  beconiet  a  thick  liquid 
of  an  intenfe  black. 

Sulphuric  acid  uf  the  above  flrenglh  poured  on  common  ^'!'<:^>  of  lolu- 
turpenline  diilijlve^  it  readily,  if  a  portion  of  (he  f"li"'<">  i*  ijne  in  (^Xurie 
then  dropped  inloonUI  water,  a  precipiiale  of  common  yellow  icM  dropped  inu 
reJin  ie  fornjcd  ;  if  aficr  another  hour  ur  two,  another  porlian  """" 
is  treated  in   ili::  Line  way,  the  relio  produced  n  of  a  dark 
brown,  and  that  ihn.  foitued   rnim  a  folulion  that  has  flood 
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opefjtion  dif- 
folMd  in  oitric 


TKeir  refidues 
after  ev-ipora- 
lion  arr  tried 
with  gelaCeriy 


/ive  or  fix  hour.s  i«  completely  black.     Whcri  tlic  dtgcnion  is 
continued  for  Teveral  days,  u'nlif '  lio  more  gas  b  gt^^  outi^ 
the  relin  will  be  convierted  ini6  a  bfack  porous  coal,  whidi ' 
dons  not  contain  any  rcfin,  if  the  experiment  has  been  pro-' 
per'y  condoQed.     This  coal  was  about  43  per  cent  of  ihe 
refin  ufed,  and  after  being  expofed  in  a  platina  crucible  loofeTy 
covered  to  a  red  heat,  flill  amounted  lo  30  per  cent,  and  by ' 
the  flownefs  of  its  combuftion,  and  other  circa raftances/ ap- 
projiched  nearly  the  charafler  of  fonie  mineral  coals, 
prodaai  of  this     A  portion  of  the  coal,  the  black  reiin,  brown  refin,  and 
yellow  refin' obtained  from  the  turpentine  defcribed,  and  affb 
i'ome  of  the  turpentine  itlelf,  were  each  diflblved  in  nitric 
acid,  and  reduced  to  drynefs;  the  refidua,  which  varied  m 
colour  from  yellow  (o  dark  brown,  according  to  the  fubfiance 
employed,    were  diffulved  in  water,-  and  examined    with 
ifinglafs  and  otlier  reagents. 

The  folution  from  tiic  turpentine  rcfiduumy  that  of  the 
yellow  refin,  and  the  brown  refin,  did  not  precipitate 
gelaten. 

That  from  the  black  refin  yielded  a  confiderable  portico)  of 

ftc  spr    u     .  ^^^  tanning  fubfiance,  and  that  from  the  coal  afibrded  ii  in 

great  abundance.     Hence  it  appears,    that   thefe   rubftanccs 

yielded  artificial  tan  only  in  proportion  to  their  converfion 

into  carbon. 

Various  kinds  of  wood,  copal,  amber  and  wax,  reduced 
to  coal  by  fulphuric  acid,  yielded  fimilar  produds  on  being 
treated  with  nitric  acid. 

Mr.  Halcbett  formed  (he  artificial  tan  from  the  refins,  and 
gum  refins  (fuch  a<;  common  refin,  elcmi,  afiafostida,  &c.) 
when  reduced  to  the  fiate  of  coal  from  long  digefiion  with 
fulphuric  acid,  by  means  of  alcohol,  wiihout  ufing  any  nitric 
acid :  In  the  carbonized  fiate  mentioned,  they  are  digefied 
in  the  alcohol,  a  portion  Is  diflblved,  a  dark  brown  folution 
is  formed,  which  by  evaporation  yields  a  mafs  foluble  in 
water  as  well  as  in  alcohol,  and  which  precipitates  gelaten, 
acetite  of  lead,  and  muriale  of  tin,  but  produces  only  a  fiighi 
effc-dl  on  oxy-fulphatc  of  iron. 

TiiC  author  fuppofcs,  that  the  tanning  matter  known  to  be 
evolved  by  peat  in  certain  places,  is  elfccled  by  a  proccfs  in 
fon^.e  refpccls  limilar  to  the  above,  finceif  it  was  produced  by 
iif  mere  digefiion  in  water,  all  peat  would  a^^rd  itj  which  is 
contrary  to  expnienee, 

Mr. 


Tan  formcJ  by 
akohol.   . 


Suppofldon  re- 
lative t.>  tati 
from  p^<it. 
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MC-iHalcJ^lt  put  i\K  difcomy  (o  Ib^  tel}  of. real  prafiice.  LrsHier  nude 
Ii^"«ii.(;  n5iia%  ciurtrud  /kiha  into  leuiier  by  the  arlttfcw/Wf  f^'^**"''^' 
pnicu(td  ai  dcic'iilicdr  but  obfcrve),,  l(iat  the  produftjon  of 
\hi5  lubAaiici',  tur  ihe  prefen!,    muH  be  cooiidercd  oi>!j  a 
curiou»  clieniiuii  ia^,    not  allogether  ummporlant.  and  not 
cap.iUe  tit  ccotKiniical   applicalinn,    thuugh   he   liopes,    ll.at  Hope  of  iu 
lieri.-»ri«r  a   pructs   may    be  dilcovered   lor  prcgiaiing  fii'd^",^!''^.?** 
fpecics  oi  lan  fu^cictiilj  cheap  lo  enable  isnneri  lo  ufe  it 
tn  llieir  buIineU. 

There  It  reafon  loftippofe,  (hal  it  would  be  luperlof  loRofenfbc 
c.om.m"n  Isn  lor  ihis  pMrpofe,  a*  il  appears  ftom  cxperimenl*  '.•""'''"(  « 
meniioneil  in  Mr,  Halclieil'i  Cecond  paper  on  Uie  fjroe  fubjefl  ,^„  [„^    *^*' 
(Mfhifh  will  be  ^Utii  in  ihc  nest  nunibei)  thai  "  Pilulioni  of 
(lie  artificiiil  laiining  fuhftarice  fecni  lo  be  completely  impu- 
Uofsible,  neiihtr  do  ihtj  ever  become  mouldy  like  Lhe  infu- 
fiontof  galli,  Tumaeiii  caiechu,  &c."* 


Memoir  ftK  the  Di/corerj/  (^  a  fn^ilioui  Puztolana,  jtrtjhurd 
'to  lAt  Prcndi  SaliO'iai  JnJUtuie,  by  M.  Doucf ,  Engiactr  m 
Ch'iO''  "/  Bridget  and  Highitap  ia  fiance  f. 

i-  UE  depofiled  dull  ofaniirnl  volcanic  rubllaiK-ej,  lias  been  Fiditioui  pn 
Ipngul'ud  in  f lamii'ts,  aiul  Ihe  adjatenl  couTiUies,  as  a  ^"^V^'J^^ 
nilUie  lor  llic  Italian  puzzolana,  under  the  name  of  tia/i,  or  ' 

afia  qf  Taurnai. 

M.  Fauju  liae  proved  by  dL-ctfive  experimeuls,  made  bji  itutofFinju 
ordttr.of    guTernminl,    ibal  cerUin    luiulcnl    eruptions    of 
wcipn'  viilcBOOcx  at  Vivafaii,  had  the  fame  qualiiiei  a*  ill? 

•The  geeiillar  latiiilng  pioppnyof  the  watrr  of  ceti^n  peal 
trgi  and  raorafl'f,  miy  be  clhciwlfc  atcolinled  for,  llian  by  Mr. 
Hsicheit"s  ruiipofilion,  by  the  fafl,  ih.it  peat  i>  not  uniformly  the 
produaiem  cf  ihe  f»me  vegeialile  fubftantes :  wherever  lieaili, 
tomitntil,  and  p<rbap»  feme  uther  plants,  are  found  in  ahnndiincE, 
.  the  prat  water  will  have  thii  quality ;  in  the  cafc  of  hialh,  at  I«n(t. 
il  cannot  be  iloiibted )  and  perhaps  the  pcai  which  Joct  noi  yield 
tan  may  owe  thit  deficiency  to  the  total  abien«  of  wjetiblei  of 
(hit  fpedei.— B. 
t  yournai  4t  PSjfi-^r,  Tem,  «1. 

puzzulaiiK 
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^ :  pnzzolana  of  Ilaljr^  and  might  be  ufed  indead  of  it.  M.  Baggf, 
.  'a  Svredfei  is  alfo  known  to  have  compofed  an  artificial  puzzo« 
lana  cement^  wilh  a  black,  hard,  and  flatey  fchift ;  but  until 
,  1787,  DO  one  ever  thought  that  the  territory  of  France  con- 
tained in  abundance  non-volcanic  fubftances  capable  of  taking 
-  place  of  the  Italian  puzzolana  with  economy  and  advantage. 
M.  1>odon  dif-       The  difcovery  which  I  here  prcfenl  has,  like  many  others 
Since,   **  ^    o^  great  utility,  been  the  effeft  of  chance. 

The  habit  of  examining  the  nature  of  (lone  in  its  bed,  which 

enables  the  obferver  to  judge  of  its  qualities  at  firfl  tight,  fixed 

Siw  great  bcdi    my  attention  on  an  immenfe  quantity  of  calciform  fragments 

of  ferrigonoui    ^f  iron  ore,   in  beds  of   from   eight  to  ten  fcct  thicknefs 

oxides  at  CafKi-  ,  „      . 

naudery.  followmg  exsL&]y  the  paralieYifm  of  the  flight ly  inclined  dc- 

Obfervrd  barnt  clivities,  in  the  neighbourhooJ  of  Cafllcnaudery.  I  per. 
j2J^^j^'^^ceived  in  the  adjacent  fields  many  fubftanccs  of  the  fame 
padtJava,  nature   fcattered  over  the   furfacc  of  the  eartli,    of  vio!et, 

brown,  and  black  colours,  which  from  their  appearance,  had 
a  pert'cA  refemblancc  to  compact  lava,  which    feemed  ex- 
traordinary in  a  country  where  there  was  no  appearance  of 
ancient  craters,  or  of  volcanic  eruptions.     Thefe  I  loon  found 
out  had  been  brought  to  ti.is  ft  ate  by  ferving  as  hearth«,  or 
enclofures  to  the  fires  kindled   in   the  fields  by  the  peafants, 
cither  for  agricuhural  purpofe*:,  or  perfonal  convenience  when 
they  watch  llieir  llocks  in  winter;  as  I   favv  foon  alter  many 
fimilar  arranged  by  hand  on  one  another  for  ihefe  purpofcs. 
which  fimilarity      The  fimilarity  of    thefe   fragments   to  volcanic   products 
made  him  think  excited  my  defire  to  form  a  cement  from  them,  by  treating 
puaaolana.         them  in  the  fame  manner  as    puzzolana  earth.     The  great 
quantity  of  iron  which  thefe  oxides  feemed  to  me  to  contain, 
the  abundance  of  their  filiceous  particles,   and  the  alumen 
which  evidently  entered  into  their  compoliiPon,  their  great 
weight,    and  their  non-efTervefccnce   with  acids,   altogether 
made  mc  prefume,  that  the  cement  formed  from  them  would 
bind  under  water,  and  my  expe61alion  was  not  deceived. 
Convinced  by         Fifteen  months    fucceflive    experiments,    to   difcover  the 
longexperimcnti  proportion  of  lime  which  this  oxide  would  abforb  to  harden 
to  the Italh!n!' '  *"  water,  without  cracking  when  in  the  air,  have  convinced 
me,  that  my  faflitious  puzzolona  had  all  the  good  properties 
Propofcd  for  ufe  of  that  of  Italy,  without  its  faults.     At  this  time  I  dclermin- 
inthcpubac       ^j  ^^y  propofe  its  ufe  in  the  public  works,  and  demanded  that 
comparative  experiments  (hould  be  made  between   it  and 

tl;Q 


r^ciiT;ous  ryzxauVA.  MS 

(^([Utiairpu^mlapa,  ipprclcnce  of  ibe  Commiflaries  of  Ihe  >nd  n'ied%n- 

r         Wiiicli  joiiii.  (he  tvo  leas,     Greal  blocks  of  Belan  conipofi-  of  Linguc^oc. 
I        lion  Blade  wiih  boll,  ceo-enli,  were  llirown  inio  ihe  rerervoirj  I,"jl''°j,"f^''^ 
,       4<ljaAei)i  lo  ilic  luck  i.r  Sainl  Rocli,  b1  Caftelniander^,  being  St.  Rach, 
I        (irlt  plaiJleied  iivur  ivi;b  ilte  refpectii-e  compolilions 

I  Six  monllx  gfler.  ihe  water  was  drawn  off  from  ihe  bodies  It»  fuperwrity 

I       nr  mnfonry,  and  il  wa»  Ihen  fecn    llial  ll.e  feflllioua  puzza-  "^"^"'^    '. 
I       tnna  tiad  acijiiireJ  a.rolidlly  at  leaf)  equal  (u  lliat  oF  [taly. 
I       Tlio  plajfler    made  wilii    ihe   Ilalbn  puzzalona  was  cracksd 
I       and  cliapped,  but  ibat  fiirmed  Trom  the  laaiiious  kind  had 
(       «ntif«Iy  prfferved  the  unily  of  its  fuiface. 

I  Tlic  llalesor  Elali  of  Langiiedoc  allogelher  convinced  of  TiAImoDy la  iw 

,       (be  auilicnticily  of  ihis  dilcovery,  by  ibe  ru fulls  of  'he  com- ^'','^"  f'^J^ 
I      jiarfttive  trial.i  ol  both  kindi  of  cement  which  ihey  had  feen,  guc^. 
i       and  by  ihe  cerlilicaiej  of  Ihcit  conamilTarie!,  and  perfuaded 
I      of  the  great  advantage  il  ivould  be   to  France,  decreed  In 
17S9,    in   Iheir  lall   meeting,    that  the  iaaitjous  puj-^olana 
fliQuld  not  (inly  be  ufcd  inllcad  uf  the  Italian  in   (lie  ivork^ 
under  iheir  direflion  j    but    morewer,    ihat    it    flioutd    be 
«lcinanded  in  favour  of  the  author  of  il,  as  a  teflimony  of 
public  gratitudi',  that  government  ftiould  authorize  (he  free 
1     .circulalion  of  il  every  where. 

I  The  great  nmrumplion  of  Ihii  faailious  puzzolana  obliged  ^"i;"^"  *"*• 

Bie  lu  cKlend  ils  ijianufaflure,    I  formed  a  parlhetlhip  wiih      '"'^^ 
Ihe  proprietor  of  the  ground.     The  foundaiion  of  an  edabliftt- 
Dentonsgreal  (cate  wat  laid  a(  the  mountain  itfclf  wliere 
ilhe  materials  were  found.     The   woiks  carried   on  In    ils 
I     .vicinity  were  bkeiy  lo  farther  reduce  ihe  cofJ  of  Ihe  srticTe,  '    ■ 

',  which  wa«  already  one  half  left  than  ihat  of  Ilaly,  and 
I  )lhe  public  were  about  lo  enjoy  the  advantages  of  ibis  maiiU- 
'    liaAure,  when  llie  rcvoliitron  paraiyfed  every  thing,  Snpptdby  tb« 

I  1  in  1191  I  inforracd  lie  cunftiluent  afiymbly  of  thlj  dll- i;! '"'"';"•• 
covcryj  liie  ccriilicatcs  which  proved  il(  and  the  refnlts  cUsdiMdro  ibe 
--.the  experiments  were  dupt.filed  atlheofljcc;  the  matter  was  """''""'•'■ 
'■  , ordered  to  be  esamii.cd  by  M  M.  Pelleiier  and  Eerlhtillet, '*^'^'''-  -"^v 
I  ,(«nd^  Ibe  aflbmbly  .tonlidering,  thai  this  fofliliniii  puzzolafla  ^  '  *>i 
I  .jnigbl  li^.of  .(he  greaien  ulc  lo  France,  decreed  ihat  2000  ^I^wj^i 
I  -inmG«  (hould  be  gRnted  to  in  author,  vvhlcli  was  paid  ac- 
^MWdingllr  ...,..,  .      \  \  ''■■  ' 

nr  ' 
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On  this  occafion  the  oelebrtted  Mirabead  declared  tBe 
^ifcQvery  to  be  (o  valuable,  '*  that  if  it  had  not  yet'been  made, 
public  encouraqement /hould  be  held  out  to  excite  it/* 

The  Conftituent  Aflfembly  wifhed  to  have  numeroos  fimifar 

edablifliments  fet  on  fool  in  France,  fo  well  were  they  con* 

The tmubles of  vinced  of  its  national  Importance;  but  the  misfortunes  of  the 

thennnaftaam^''^^  prevented  the  execution  of  a  projed,  which  the  grand 

of  iti'  Chief  of  the  empire  may  cafily  realize^  to  the  advantage  of 

tl)e  country «  whenever  it  feems  good  to  him  to  do  fo. 

Refearclies  on  the  amelioration  of  our  cements,  and  parti* 

cularly  on  the  nature  of  the  materials  proper  to  form  artificial 

puzzolana^  led  me  to  try  the  calcination  of  various  fchifts, 

of  the  bitumcnous,  ferruginous,  and  argillaceous  forts. 

Czunlnidon  of      The  black  ilatey  fchift  of-M.  Bragge,  fo  cofaimon  in  France, 

different fchiftt.  ^,^j  not  forgotten:  It  is  almoft  the  fame  as  that  which  the 

elder  M.  Grathieu  elTayed  at  Cherbourg  lad  year ;  but  I  have 

Contain  too  little  condantly  found  that  thefe  fcluftit  always  contain  too  little 

iron  for  purxo-  j^^^^     j  perceived  that  their  repullion  of  the  water  was  floW 

and  feeble,  and  that  their  folidification  in  the  water  was  owing 
to  the  good  quality  of  the  lime. 

I  was  thus  obliged  to  recur  to  ray  quartzofe  oxides  of  iron, 
from  their  containing  a  greater  quantity  of  ferruginous  prin* 

PuMolanis  owe  ciples ;  and  can  aver  wiih  the  Ikiltul  Faujas,  that  the  puzzo- 

the  Iron*con-  ^  l^*^*^'*  ^^^^  ^l^^'*"  p''0[>erty  of  hardening  in  water  folely  to  the 
uined.  ferruginous  particles  wii!«  i.  I  lOv  contain:  of  thib  I  have  had 

many  proofs,     Tliis  iruih  is  lar   jor  di'pvinftraled  in  the  pud- 
ding-itones,  the  brcfcias,  and  generally  in  all  the  amygdaloides 
with  a  ferruginous  bafe  or  cement. 
Theory  of  ce-         The  theory  of  our  cements  is  but  little  advanced  ;  perhaps 
vMced.^"**  '   ^^  ^^^^  fimple  ennjcclurcs  for  proof:*  relative  to  them.     We 
eflecl  the  re^cn«'ralion  of  filex,  and  of  the  carbonate  of  lime; 
we  know  i\n^  acid  gates  which  perform  the  principal  part  in 
the  afidir :  but  in  this  important  work  we  have  been  long  ig* 
norant  of  the  degrees  of  their  reciprocal  affinity,  their  quan- 
tity, a!..!  the  mode  of  their  refpedive  combinations.     Our 
knowledge  oii  this  matter  is  confined  to  a  few  fafls. 
Two  different         Man)  esperin^enis  have  proved  to  me  that  the  puzzolana^ 
fttpamionsof    ^jii^.j^  fooncft  fornix  a  body  in  the  water,  is  not  fit  to  be  em- 
ployed in  the  open  air,  where  it  cracks  and  chaps  in  all  di- 
rections.    And  that  which  is  proper  for  the  air^  and  which  ac- 
quires 


FACTITIOUS    FUZZOLAKj^.  55j 

quire!  and  preftiyei  it^  tenacity  in  i(>  feU  but  imperfectly  in 
water.  Tliis  diffidjUy,  ol'  wbicK  ihe  lofiitule  will  |>erceive 
liic  caiifi:,  h^ts  obliged  rni:  li>  keep  two  lurls  of  Ihe  fiiflitlous 
piiEzoUiia;  on  llie  reciprocal  ate  of  wluch  a  memoir  of  iri> 
fiiitOiua  will  accompany  llie  lale.  The  iwo  forts  may  be 
,ditinsuitlic(j  by  thqit  colour. 

The  fafliiiouij  puzzilanj  proper  for  works  under  water,  h  One  M  for 
,0f  a  reddiai-bruwn.     Thai  which  ii  fit  for  work*  expofed  to  '•«"-"«"I«. 
the  air,  in  a  dark  vjulet.     The  laller  Is  ufed  for  terraces,  the  A'»»'l'"  for «. 
embankihenlsof  liaf'"!'!  forllie  coropoClion  of  inclofnrcs,  or  ^j"  proper  f«'' 
.for  liglil  rorif^.     Biiilges  ot  a  Ciagle  arch  may  be  lurmod  with  "•"o^,  roofi, 
Hi  and  I  have  feen  it  adlieie  fo  ftrongly  lo  glazed  tiles,  that  "^  *'^''"' 
il  wa<  necelfjty  lo  break  the  tiles  to  detach  it. 

Tli^  pu^ziilana.propu  for  conflcucllom  beiieaih  Ihe  water,  WjKrpuiiolj. 
/oriM,  ihc  moSi  folid  body  in  it.     Three  momhs  afler  'mmer- J,'^[^^'^**"J' 
Jif/n  it  is  an  aclual  Hone  capable  of  receiving  a  polilli.     The  ii/Ii. 
JiiqC  j&  ii  i^  Always  regenerated  Into  carbonate  of  lime  in  ten 
^jweuki. 

.,  When  it  may  be  thought  by  any  one  that  he  has  been  dc-  ^'uHnfif  ef&ft 
ceivedas  la  ihe  certainty  of  thefe  effufls,  it  will  always  be  ^"^^^'^^,£2  , 
foumt.  that  he  either  bai  not  obferved  the  quantities  dt'refled  6p«itoi. 
of  the  puzKnlana  and  the  lime,  or  ihal  he  hat  ufed  the  rcveile 
of  thai  kind  of  the  cement  proper  for  the  work. 

I  commonly  ufed  lime  in  the  flale  of  impalpable  powder,  l-'nieyrfdin_ 
iflacked  in  Laiaye's  manner,  for  work*  expofed  to  the  air  j^""        *'"'"' 
and  employed  lime  in  Ihe  Hale  of  putrj/,  for  works  which  were  •"'' '"  r""T. 
.    Xo  be  covered  with  water.     Somcliinea  f  ufed  lime  in  powder 
for  the  fame  work.     This  difference  depends  on  the  degree  of' 
£Oodnefs  of  the  lime,  on  Us  greater  or  lelTer  richneft,  or  its 
^roporiioKtl  poverty,     diliom  give«  the  advantage  of  know- 
ing the  dilTe  ten  I  kinds  on  mere  inrpef^ion. 
,,    The  nfe  of  lime  in  powder  appeared  lo  me  lo  meiit  a  pre- 
ference in  the  picpaialion  bf  mortars  or  cements.     1  prepared 
my  faflitioos  pii2Zolai;a  in  a  certain  quantity  at  foon  as  1  knew 
Oie  proper  propoilion  of  the  lime ;  and  I  had  ih  js  tlie  ad-  AdMnajes  of 
.vantage  of  beinn  able  to  work  it  in  troughs  in  the  fame  '">""ff  uh'tE^i"** 
ner,  ai  fdphale  ot  lime.     The  whole  wo5  well  mixed  together  miica. '    ""^ 
,and  pot  into  facks(  by  which  means  ihe  niafnns  had  nothing  .-.-.^^^ 

to  do  wiiii  the  iniKlure.  of  the  arliclci  (which  is  too  ol'ien  left 
lo  unprincipled  workmen) ;  and  bein^;  thus  inaflei  of  the  re- 
.  fpcctivc 
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fpeftiVe  proporlioDs  of  the  paza^lana  and  ibe  liiiie,  L  ^o«U 
always  be  afliired  oft'  Ihe  folidity  of  my  cements, 
txisrior  dMnc«  There  remains  fur  me  to  defcribe  the  exteijor  charaOers  ot' 
o^M^!^^  the  quariziferoas  ferrugiiTous  oxides,  which  form  the  bafis  of 
my  fiiditiouii  puzzolana,  and  to  relate  the  analyfis  of  them 
which  I  made  about  18  years  ago.  I  wilt  content  myfelf  with 
offering  (he  comparative  refulls  with  the  Italian  puzzolana, 
both  in  the  dry  way  and  the  moid. 

Exterior  Charaders  qfihe  ^uarltiferous  Oxides  oflrtm^ 

Their  colour  is  of  a  reddifh-brown  before  calcination,  or 
Slight  said-  flightly  violet.  A  light  torrification  gives  them  a  clearer  red  tint 
tkcmfrombrown  ^^  *  ^^^P  violet :  one  more  intenfe  renders  them  of  a  deep 
to  red.    •  brown  or  of  a  violet-brown  inclining  to  a  black.     The  degree 

chuget^em  t0  ^^  ^^^  calcination  for  ufe  is  confined  to  thofe  two  dates, 
ft  deep  brown.  Urged  at  a  longer  continued  heat^  the  colour  becomes  a 
ketf  r^ert**^  deep  black,  then  the  fubftance'  becomes  p6rotts,  entirely  fimi- 
them  black  and  lar  to  certain  lavas  of  our  modern  or  ancient  voloanoSf  with- 
lorout  like  lavj.  ^hich  it  is  then  diflkult  not  to  confound  them. 
Their  fnAatt  Their  fracture  is  grained  and  a  little  earthy^  and  fmall  crjf« 
Sth**  J^they  '*'•  of  quartz  may  be  diflinguinicd  in  them  by  the  na'ked  eye, 
contain. quartz  and  almofl  always  angular  fragments  of  gray  or  milky  quarts; 
cryftals.  3  powerful  magnifying  lens  caufes  in  fome  fragments  the  dif- 

Needles  of         covery  of  needles  of  Ichorl,  the  amphibolc  of  Hauy,  and  fome 
fchorl,  amphi.    ^^^u  tourmalines. 
bolr,  and  tour- 

inalinev.  Their  fniell  is  (Irongly  argillaceous  on  breathing  on  them 

Give  no  fpirks.      There  is  no  fire  produced  by  tlic  ufe  of  the  fteel,  when  it 

does  not  flrike  a  quartotc  particle. 
Do  not  cfTer-         They  do  not  enbrvefce  with  acids  either  cold  or  hot. 
A    affa  d  b        "^^^^  magnet  afis  a  little  on  thefe  oxides  before  calcioatioaff 
the  magnet.        and  (Irongly,  or  perceptibly,  after  it. 

Weight  of  a  The  medium  weight  of  a  eubic  foot  is  123^;  tliato/  the 

cubic  foot.         Italian  puzzolana  is  but  91^. 

Analyfis  by  the  moifi  Way, 

Anal>fis  in  the       I  ^i^H  not  weary  the  alTembly  by  a  cietail  of  the  manipula* 

rooift  way  of  the  tJQ^g  relative  to  the  folvents  and  re-agents  which  art  ufesfor 

the  decompofiiion  of  bodies,  and  thali  only  (ay,  that  ftlex» 

iron,  alumen,  and  a  fmall  portion  of  mangaaeiej  are  the  con* 

^ituent  parts  of  thefe  oxides* 

I  repeated 
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•  I  «p«I(*d  tTiefe'  *S  perl  men  tk '  niariy  liratf*,  ant!  Iwd  Ibr  i 
iBBdfum  reruU  fifoifa  an  hiiiSdr'ed  pdunds,  chemical  wciglii, 
Sp'parU  of  lileic; 

"      .      '  31- -or  iron;    , 

"■;:*'''"    /la-— Walumen; 

,   _  ,5,-y^^r  manguierci  and  lori. 

lOD 

Ita]/,  whicS  conlams  In  100  parts— 

50  of  lilex; 

23   ofalumen 

JG  of  Iron; 

3  of  lime; 

6  of  loft  i 


100 
rWrpeflitfe  properlic)  may  be  appreciated  according  l4 
the  propo[lion<  of  their  inlegt>nl  parts. 

The  excefs  of  alumen  caufe*  ihc  plaifteri  raaJe  from  the  Eittft  e(  >ia. 
Kritafl  puzzolana  lo  crack  and  chip  in  Ihc  open  air:  ihi?  ™f|^";^ '^^ 
ftnlllrifot  from  (licir  peat  oxidation.     1  ha"/c  been  abfe  16' crack. 
re|ilace  in  them  lliore  pfiticiplcs  wliich  they  lod  bj  dceoih- 

,«»;'>   .'  Aauli^it  in  llit  dry  Way. 

1  endeavoured  tn  obtain  a  regulus  from  thefe  ot^idei  of  iron  Anol^Gi  In  the 
•y  ifing  a  violent  heat.     I  followed  tte  proceft  of  Klrwan  JjTJ^J.J'' ^- 
for  Ihe  fuHon  of  filiccuus  and  argillaceouf  ores  of  iron  ;  yel  J  Kxtta; 
neter  oblained  a  tingle  metallic  button  ;  and  only  found  at  the  aTorded  a» 
bottom  of  the  crucible's  vilriOed  mafs  of  air  opaque  blaci,  rn  """'■ 
s  Tcoria  in  the  (late  of  crude  caft  iron. 

Defrooi  to  know  if  I  could  procure  a  malleable  huflonThtUowpIpe 
by  uling  (he  blowpipe,  taking  borax  for  th^  flux  and  fupporl- J'j'^^"''*'*^' 
ing  the  oxide  on  charcoal ;   i  Hill  lould  only  oblain  a  fpongy 
ingot  refemtling  crude  caR  iron,  and  breaking  both  when  hot 
mM  when  cold. 

Being  placed  on  a  fupport  of  glars  (according  to  my  method  Tht  oiUi  t^it 
paUinied  in  the  Journal  de  Phyfiqiie.  Tome  XXXI.  pages '"' »'*''■ 
1  ISBnd  139),  Ihe  ojide  fofcd  ftl  itic  fccond  attempt;  the  fup- 

VeL.  XII.— Sui-FLEMKST.       *-"'-'  "|t'  '     ^-J      '  falrt 

l/Wrrv 


fACTiTiout  rmzi>t,AVti 

port  WM  eoloored  nieen,  and  (mall  gralni  oT  iron  were  h 
topafi  firfi  ol  a  dark-green  colour,  (hcnof  a  blight  green,  and 
aflerwardi  to  difappcar  in  evapotalinf;.  There  lemained  on 
tiic  globule  only  a  flight  linge  of  black idi-greea.  ^ 

Gtnni]  reful%  The  refull  of  all  th^fe  lias  feems  to  be,  that  thin  <wid«  ii 
mtirely  deprived  of  its  mciallic  principle,  and  that  ill  fupw- 
tncigenation  rendert  it  reducible  and  refrBaary. 

The  arts  may  draw  tome  advantage  from  ihtfe  oxides,  by 

I  fucceeded  allcr  man^ 

waftiingt,   in  exlrafling   from  them   a  bcaDlifnl  brown>icd 

colour  (Kjuat  lo  that  ol  comiDerce,  and  applied  it  to  ufe  fuo- 

eer.fully.* 

*Thi(papeihu  been  abridged  in  ilt  intrtxtiiAion,  in  the  dctaili 
rdative  to  ncgociaiions  with  the  Canllitneat  AITcinbly,  and  in  1mm 
Dihu-  painu  a  iitilE  irrelevant  to  iheputiolMU;  but  all  maturt 
dire£lly  tending  to  illuftrale  it)  nature  and  propertici  bare  bcca 
carefully  cap  led. 

M.  Dodun's  difcovery  m^y  he  of  Come  ufe  to  thii  country,  aJ 
there  ire  in  many  parts  of  ii  Urge  milTcs  of  inm-ftone,  and  foiat     i 
ia  found  in  the  vicinity  of  moll  coal-mincl. 

It  liai  been  long  known  that  Iron  ochrei  have  the  fame  property  i 
of  forming  puiiolana  with  lime,  when  properly  ToaAed,  and  ihii 
circumftance  is  mentioned  at  large  in  Chnptal'i  Chcmiftry.  A  pi-' 
tent  ha>  alio  been  obtained  in  thif  country  for  the  appl'iealioa  of 
iron  pyritet  to  the  fime  porpofc,  the  right  to  which  was  panrhaJtd 
long  ago  by  Mr.  Samuel  Wyat.  But  the  novelty  of  M.  Dodon's 
difcDvery  is,  that  poor  iron-t^one  is  cqnally  fit  for  thit  nfe,  ai  tlie 
other  fubftmcH  mentioned,  which  ii  of  the  mure  importance  at 
it  ii  very  plentiful,  and  may  often  be  procured  in  Ctuationt  whci; 
the  oihen  cannot. 

It  may  not  be  amifi  to  menllon  here,  that  baJalt  treated  in  the' 
Jame  manner,  has  the  lame  properly  at  the  puiiolina  :  the  whin- 
ftonc,  of  wbich  the  ovoidal  paving-Rones  confift  moltly,  is  of  thii' 
kind )  and  it  ii  found  in  great  abundance  in  thefc  ci 
different  formi, — B> 
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Experiments  nnd  Olijiivatioiu  upon  the  Conlra^ioH  qf  IVattfigfi 

litat  at  low  TempertUurci.     £yTHOM*s  Chaklbs   HoVe,      ...v^itml. 
■     J/.  Z).  F.  R.  i\  kd.  Prqfeffor  'if  Chrmi/lrj/  ia  tit  Uairerjii^ 

qf Edinburgh.    J-iuuilkt EtUMbiO-ghPliilnjbp/UcalTraniaitioai, 
for  IBOK 

i  O  llie  general  law,  thai  bodies  ■re  expandExl  by  heat,  and  E'ptnCno  of 
conlraded  by  cold,  walcr  al  the  point  uf  congelalion,  and^*^|,^^g' 
for  fome  degrees  of  fempeiBlure  above  it,  il  leetas  to  aflbrd  a  fiwiing  pAat, 
very  lingular  and  curioiii  CMcepiJon. 

Tbe  circumfianL-ei  of  Ihit  rEniarkable  anomaly  have  been  for 
feme  lime  believed  to  be  Ihe  rollowing  : 

When  iitat  ii  applied  to  water  ice  cold,  oral  a  lempcratureCencnloi'iifuil 
nol  far  diftanl,  it  caufej  a  diminution  i.i  the  bulk  of  Ihe  fluid.  ^%™'"  '^  "^ 
The  water  conlrads,  and  continues  to  contrafl,  with  ihe  aug* Ice-cold wirt 
menlation  of  temperature,  till  it  reacbci*  ihe  40ih  or  4Ifi  de-^^l'^'  "^  "** 
■    gree.     Between   Ihii  point  and  the   't-^.l  or  iSd,  it  fufferi  to  abaui  4i>, ' 
fcarccly  any  perceplible  change  j  but  when  healed  beyond  the  '"iJ  'h<n  «- 
laft-mentioned  degree,  il  begins  to  eKpaiid,  and  increafei  in         ' 
volume  with  every  lubfequenl  rife. of  temperature. 

During  the  abtlrafiion  of  caloric,  ihe  peculiariiy  in  the  con-ind  ruffentlw 
(lilulion  ef  water  eiiuallv  appears.     Warm  water,  as  it  cooli,  "'"''  '^'""f 

'        J     ri  '  ■  ijy  ogling. 

fiirinki,  ai  other  bodies  do,  till  itarrives  at  the  temperature  of 
43°  or  -W*.  It  llien  fuffers  a  lof*  of  two  degreei  witlioiit  any 
alteration  ofdenfity.  But  when  farihrr  cooled,  ii  begins  to  di- 
tile,  and  conlinues  to  dtlave,  as  the  (emperaiute  talis,  till  con- 
gelation aflu  ally  com  men  cut,  whether  this  occurs  as  Toon  as  the 
'  Maler  reaches  the  32",  or  after  it  hasdefceqdedany  number  uf 
degrees  below  it. 

SuppoCug  thii  peculiarity  of  water  to  be  ellabliChed,  It  muA  '^>'i<  '"pr'^ 
appear,  indeed,  a  verv  odd  cirtumnance,  that  heat  (hould  pro-*"'       '^    " 
duce  contraction  in  this  fluidt  while  it  caufescxpanfion  in  other 
bodies*;  and  no  lefiltraoge,  that  within  one  range  of  lempera- 

*  U  thit  mode  of  change  peculiar  to  witer  t~l  do  not  know  of 
any  tiiierimentt  wiili  other  fluids,  except  that  meiiiioned  on  page 
343.  Pcihaps  il  m3j  be  conimon  to  >II,  or  at  leift  lo  alt  ihofe 
which  expand  by  ongehtion.  DeclGve  iriali  of  this  point  arc  tha 
liion  ddiTahte,  bccaufc  fame  of  Count  Rumford's  general  iitttuc* 
iioH*reiiuir«  orruppofcthaiicawaterlhould  not  be  thus  affc fled. — N, 
Z  -i  last 


^^  CONTRACTION  OF  WATER   IT    HSAT« 

(are  it  (hoald  conlra6l,  atid  in  another  expand,  the  very  fame 
fubflance.    Before  a  dcviallon  from  fo  general  a  law  fhonld  be 
received  as  matter  of  h€t,  tlie  proofs  of  its  exiftence  ought  to  be 
dear  and  indifputable. 
been  hitherto        Tlic  experiments  hitherto  publiflied,  from  which  this  (ingnla- 

operime^Tn   ^^^^  ^  ^"  deduced,  have  all  of  them  been  performed  upon 

narrow  necked    water  contained  in  inftruments  (baped  like  a  thermometer  glafs» 

vcflclty  and  confiding  of  a  ball  with  a  (lender  ftem  ;  and  the  expanfive 

or  contraftive  effe^s  of  heat  and  cold  have  been  inferred,  from 

the  afcent  or  'defcent  of  the  fluid  in  the  Rem. 

•f  whieh  tht  ca-     To  fuch  experiments  it  has  been  objedledi  that  the  dimeniions 

ST'hi**^*'^  and  capacity  of  the  inftrumenl  undergo  fo  much  change,  from 

tempenuire.      variation  of  temperature,  that  it  is  difficult,  if  not  impoffible, 

to  determine  how  much  of  the  apparent  anomaly  ought  to  be 

imputed  to  fuch  changes,  and  that  it  is  not  improbable  that  the 

whole  of  it  may  be  afcribcd  to  them. 

Themthor      /     The  objcd  of  this  paper,  which  I  have  now  the  honour 

4iom^ efleA  jq  i^^i^j  jq  {\^  fociety,  is  to  prove  by  a  fct  of  experiments, 

*  conduced  in  a  manner  altogether  different,  that  the  common 

opinion  is  founded  in  truth,  and  that  water  prefents  itfelf  as 

that  flrangc  and  unaccountable  anomaly  which  I  have  already 

defer  ibed. 

Previottshlfiory.     It  if   worth  while,  before  detailing  my  experiments,  to 

give  a  (liort  ac<.ount  of  thofe  obfervations  which  led  to  the 

dKrovery  of  the  fa61,  and  which  in  fucceflion  have  extended 

our  knowledge  of  it,  as  well  as  of  tiiofe  obfervations  which 

have  at  different  periods  been  offered  to  difcredit,  and  to  bring 

it  into  doubt. 

Dr.  Crounc  firft      The  firfl  obfcrvation  relative  to  this  fubjefl  was  made  by 

obfervedtlut      j^      Croune,  towards  the  clofe  of  the  17th  century,  while 

water  appears  to  '  J ' 

expand  bctorc  it  engaged  in  invefligating  the  phenomena  of  the  great  and 

freeaei.  forcible,  though  familiar,  expanfion  which  happens  to  water 

at  the  inflant  of  freezing;   a  matter  which  occupied  in  a 

confiderable  degree,   the  attention    of  his   fellow-members 

of  the  Royal  Society  of  London  in  the  earlier  years  of  that 

inditution. 

His  narrative.         I  fliall  relate  in  his  own  words  his  firfl  obfcrvation :  *'  I  filled 

The  experiment  ^  (^fQ^g  bolt-hcad  about  hilf-way  up  the  flem  with  water,  a  day 

water  rofc  in  a    or  two  before  the  great  trod  went  off,  marking  the  place  where 

lang  neckci       ([,g  water  flood  ;  and  placing  it  in  the  fnow  oh  my  leads, 

c    ycoo-    ^^jjjg  I  y^^jjt  iQ  p^t  f^jjue  fjjt  to  the  fhow,  I  fouud  it  ab»a^i 

the 
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narlt  foifbon,  tbat  f  Ihoaght  4he  mark  had  {lipt  down. 

*  wtiich  I  prefenlly  taifcd  to  Itie  water,  and  m  Toon  as  ever  I 
nised  ihe  fait  with  the  fnow,  (he  waler  rorpvery  fafi,  about 
onu-half  inch  above  il.  I  look  up  tlien  llic  glafs.  and  found 
llie  waterail  fluid  ftil! :  il  wai  agnin  frt  down  ifl  the  fait  and 
ibow ;  but  wlien  I  came  abool  an  liour  after  to  view  il,  the 
ImII  uw  broke,  and  liie  waler  turned  lo  !:aril  ice,  both  in  the 

•  ball  and  ftcm"." 

From  lliii  experimenl  Dr,  Croune  drew  il,e  concluilon,  ihal  Wh*aee  he  m. 
water,  when  fubjefledto  cold,  aauailj  be^ai.  lo  evpaml  before  ^^  "n^** 
k  began  to  fieezc.  On  announcing  it,  however,  to  the  Rojal  But  Dr.  HdoIm 
Society,  on  the  oth  of  February  1633,  Dr.  Hookc  iramedialcly  f^^^^ 
expreOed  Ihong  doubts,  and  alcribed  the  afcent  of  the  water fej, 
in  ibe  neck  of  llie  vetTel  lo  the  Ihrinking  of  tlie  glafs  occafioned 
by  Ibc  cold. 

I'd  obviate  ihii  objection,  and  to  preclude,  ai  far  an  was  pof-Dt.  C.  ripfittd 
fible,  Ihe  influence  of  the  change  of  capacity  in  the  apparatut  ^; "^j'^^^]^ 
from  an  afteialion  of  iu  temperature,  a  bolt-head  was  immerfed  in  >  tcRcI  pre- 
in  a  ml»lure  of  fall  and  fnow,  and  into  it,  when  cooled,  wai''™")'  ™l«*i 
poured,   lo   a  certain    hcighl,    walef    prerioufly   brought  lo 
near  the  freezing  point.    The  water  began  inllantly  lo  rife  a* 
before,  and  » lien  it  had  atcended  about  oDe-fourlh  of  an  inch 
in  the  Hem,  the  velful  was  taken  out,  the  whole  water  remaining 
6\iid. 

Thefe  experimenli,  fupporled  by  other*  of  a  limilar  nature,  which  (i«  fc. 
communicaled  by  Dr.  Slare  lo  ihe  Socicly  on  ihe  20lh  of'"'''^*™' 
ibe  (iime  roonih,  appear  to  have  fatiafied  iu  members,  in  ge- 
neral,  of  this  fafl,  Ihal  water,  when  on  the  point  of  congealing, 
and  white  flill  fluid,  ts  a&wWy  fumcwhal  dilated  previous 
lo  the  remaikablf  esipanfion  which  accompanies  its  converHun 
into  tec. 

Dr.  Hooko,  however,  continued  unfbaken,  and  retained  the  bui  not  to  Dr. 
doubts  he  had  eKprefled.  "~^' 

Remarkable  as  the  fa£l,  as  now  Hated,  mufl  have  appeared, 
itfeeminol  to  have  excited  particular  attention,  nor  In  have  hj- 
licUed  more  minute  eKamination ;  and  indeed  though  phi> 
•■  Jofophers  did  nnl  lofe  fight  of  it,  ye(  for  near  a  century  no 
one  invefligaled  it  mure  carefully.  Mairan,  in  his  Ireatife 
on  ice  in  1740,  and  Du  CreA  in  bis  dilTcrtaliun  on  thermo- 

BitcU's  lEprji  aftht  Bojai  Soclfly,  Vol.  iv.  p.C63. 

mclcr* 


-^.irf:>E2.|Bdcn  in  n^7,  appear  to  be  well  awara  of  tbrt  profteriy 
1>Jt3in»''e«pat-  «f  water,  but  itu  to  M.  De  Luc  that  we  ow«  the  ktvowlcdgv 
wauaf  Pe      „f  11,^  ij,adi„g  ^j  ^o,^  imefefling  ciicumftftiice*,  {rii*  ««w 
cftercAcj,  5:c.  1372.) 

Having  devoted  lijt  allenlion  la  tlie  examinallon  and  in^ 

pruveipaiil  of  the  tliermomeier,  he  was  naturally  led'  to  the 

tiivenigDliun,  while  engaged  in  afcerlainin^  th«  pbetioinetii 

«f  the  cxpaofion  and  conlia&ion  of  different  fluids  by  lieat 

snd  CO  id. 

He  viti  i!i(r-        He  employed  in  his  expeitmenli  ihermomeief  gbJIe*  j  ani 

■nSTfouod  the'  ''''^  intluded  water,  ot  or  near  the  terra  ol'  liqueraAioD,  dei»   1 

wncr  to  dcrcrnd  fceniled  in  the  ttem,  and  appeared  to  hrm  to  lulTcr  a  diroino* 

*i°*"in"/^tn    ''""  °^  '"'"'  ^y  *^*'"J'  '"t^rcale  of  temperalare,   till  it  wrlred 

Tile  till  riei«ingi  at   the   41(1  dogree.     Fmni   ihii   point  iln  volume   rncreared 

with  its  tcniperalure,  and  it  afcended  in  the  tube.     Thii  6uid, 

when  healed  and  allon-ed  to  cool,  reemed  to  him  to  contrad 

in  Lhe  ordinary  way.  till  iti  lempcraiurc  lunk  to  the  41",  bat 

to  e\[>and  and  increafe  in  volume,  as  the  temperature  fell  ta 

the  t'leeziiig  point. 

Thedenlily  of  water,  he  iheoce  inferred,  h  at  its  maKiimiiN 

at  41",  and  decreafcs  niih  equal  certainly  whether  the  lempaok  ' 

lure  is  elevated  or  deprelTud.  ^ 

lb  4wt  Hi  iaa-       M.  de  Luc  lays,  indeed,  that  very  nearly  (lie  fane  titltntioa 

fitjr «  5(>«  OTd   involumoi*occarionediowaIeroriemperaiure4t'',b»BVBriifc 

tbe  (.une.  ^ioii  af  any  given  number  of  degrees  ol  icmperaluie,  whether 

they  be  of  increafe  or  of  diminultun  ;  and  cunfequently  (hat 

the  denlity  of  water  »>  temperature  iO,  and  al  tvmpertlur* 

32",  is  the  fame. 

nil  iIk«t*  ^^'*  philafophcr  did  not  conceive  thai  the  conflihilion  of 

wslej,  in  relation  to  caloric,  undergoes  a  change  at  (he  tem« 

peralure  of  4)°,  fuih  ihal  Ihort  ot  this  degree  caloric  (hould 

uccaGon  conlraflion,  nnd  beyond  it  expanliun.     He  imagined 

ihal  heal  in  all  leinpcratures  lend;  to  produce  two  but  (]uil4 

oppoGle  cSeiis  on  ihis  fluid,  the  one  otpanlion,  the  oihek 

coniraflion.  "  ' 

In  low   icmpQtature?.   the  conliaflive  eiTedi  ferpaft  Ihf 

expanllve,  and  cootraflion  is  the  confeiiUBnce :   In  lca>f)e» 

latures  beyond   41°,   the  expanfive  predominate,  a&d  thft 

vifihle  expanfton  i)  lh«  eKcefs  of  ttic  expanGve  openlMMi  w«* 


] 
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U  1788,  Sir  Charles  BUgden  added  the  caiioui  oW*"*^.^^"^" 
lioni,  Ihat  water,  which  by  flow  aiu]  undiftorbed  reftigere*  ^ice^  „„'^  be  ' 
lion   perinili   iU   temperalure  to  lall  many  degrees  helow  itt E«il«l^ny fc. 
Treezmg  poinl,  perfeveresln  expanding  gradually  a.i  llie  tem-^^i  wiihoui 
p«;ralu(e  declines;  and  dial  waler  having  fome  muriate  offmiinf, mi 
loda  or  fca-fall  dilTolved  in  it,  begin*  to  expand  about  Ihep^^'."'""*" 
lame  aumber  of  de^recn  above  ill  own  term  ot*  congelation 
that  the  «KpMnrion  ol'  puic  waler  precede*  lis  (reesing,  ihat 
is  belween  eight  and  nine  degrees.     Mote  lak  ly,  CPIiihJb- 
pltical  Tranftidioiu,  mOI]>  he,  ot  rslher  Mr.  (idpin  by  hit 
direfiion  endeavoured  to  afcerlain,  by  the  baiante  and  weigh- 
ing bottle,  ihe  amount  d  this  change  of  denCty  cauled  by  a 
few  degreet  of  leoperalure. 

Every  one  mull  bt  familijr  with  the  life  which  Count  Ruco-Cona*  Ri»- 
ford  has  made  ol'  thii  peculiarity  in  the  conflitulion  of  water,  ,io„,^^^i,' 
jn  ejcjiUining  many  curious  appearances  Ihai  prefented  ihem-<tofln»«  wtk* 
fel  vc»  in  bis  cxperimcnlt  upon  the  CLmdufling  power  of  fluid*,  ^^"^      "** 
and  in  accountiug  for  certain  remarkable  uatuial  occurienees. 
The  CounI,  wilh  his  ufua!  ingenuity,  has  endeavoured  lo  point 
»u[  Ihe  important  purpufes  which  ihis  peculiarity  fervcs  in  ibe 
economy  of  aature,  and  lo  aOign  ihe  final  caufe  o(  !o  remark- 
able an  exception  from  a  general  law. 

In  recording  Ibe  obfervaiiuns  and  opinions  thai  have  been  W**  ^*''' 
publiQied  concerning  ihii  point,  1  might  now,  in  oid(.-r,  notice  ,, 

{hofe  of  Mr.  Dallon  of  Manchefter.  related  in  Ihe  fifth  vototM  '    '  '~.- 

of  Ihe  Afuncliejlcr  Mentairt,  which  tended  Co  confirm  and  enlarge 
0Ur  knowledge  of  it.  But  as  Mi,  Dallon  himf'piriiai  Called  in 
i|ue[lion  the  accuracy  of  ihc  cuncluljcn  which  had  been  drawn 
from  hii  experiments,  and  fromthofe  of  preceding  obferver;,  I  .  ' 

fiioll  only  remaik,  that  they  are  of  ihe  fame  nature,  and  i>ear!y 
to  the  Came  purport,  ai  thole  of  M.  de  LuC, 

ll  wai  in  confeauencc of  a  communication  with  which  Mr.  "•''b  in'tn"" 
„  ,      ,.  ,  ,  ,  ,  .  tht  ttotli  of  <im 

Dallon  Uvouted  me,  three  months  ago,  Ihat  my  sitention  wa« ^i^nii, jo„,, 

direflud  to  this  fubjed.     He  informed  m».  that  ader  a  long 

train  of  experiments  he  w»s  led  lo  believe  that  he,  and  his 

predecelTurs  in  the  fame  6cld  of  inveAigation,  had  fallen  Into 

■  niiAake  with  r^ard  lo  the  contradion  of  water  by  heat, 

«nd  ita  expanGon  by  cold,  inconfuquence  of  overlooking  or 

underrating  the  eSed  which  the  change  in  ihe  capacity  of  Ihe 

thermomeler-diaped  apparutus  employed,  muf)  occation  on  tha 

tppareol  volume  of  the  fluid.     He  {lated,  in  general  term). 

thai 
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becaufe  the  thai  pQ  fobje^'ng  waler  to  difierent  degreei  of  temperatare, 
appiirent  denfity  '^^  mnrumcnty  made  of  different  inalerials»  be  ibund  the  point 
is  different  in     of  greateft  denfity  was  indicated  at  a  difiercnl  temperature  b 

vareats4.*.  In  an  apparatus,  having  a  ball  of  earlheti*ware«  it  was 

4»^'*iftd  laS^  ^^  the  3+th  degree;  of  glafs  at  the  42di  ofbrafs  at  the 
50*.  46lh;  and  of  lead  at  the  50th.     And  ai  water  could  not 

follow  a  different  law,  according  to  the  nature  of  the  fubftance 
of  the  indrumcnt,  he  conceived  that  the  appearance  of  ano- 
maly in  this  fluid  originated  entirely  in  the  containing  veflel, 
which  mud  caufe  the  fluid  in  the  (lero  to  fall  or  rife  according 
as  its  expanfloQS  are  greater  or  lefs  than  thofe  of  the  incladed 
liquor. 

A  detail  of  thcfe  inoporlant  experiments  has,  ere  now,  been 
tranfmitted  for  publication  in  ihejournalsqfthc  Royal  InJUtuiion 
of  I^ondon  *. 
fJLr,  Dalton  I  have  already  noticed  that  Dr.  Hooke  endeavoured  to  ex- 

^pports  Dr.       plain  in  the  fame  manner  the  original  experiment  of  Dr.  Croune. 
This  explanation  apparently  gathers  much  force  from  thefe  ex- 
periments of  Mr.  Dalton. 
De  Luc  md  It  is  proper,  however,  to  Hate,  (hat  M.  de  Luc  was  perfe6tly 

aware  of  the  aheration  in  the  dimenflons  of  his  glafs  apparatofiy 
but  deemed  the  change  too  trifling  to  have  any  material  in-* 
liuence. 
Blagdfn  were  Sir  Charles  Biagden  paid  greater  attention  to  the  circum- 

y^ff^l  J  flance,  and  by  calculation  altc  mpled  to  appreciate  what  allow-* 

ance  ought  to  be  made  for  the  change  oi  capacity  in  the  amount 
of  the  apparent  changes  of  volume. 

When  it  isconfidered,  that  the  whole  amount  oFthe  apparent 
change  is  but  very  fmall,  and  that  the  expanfibility  of  the  glafs 
is  with  difliculty  afcerlained,  and  is  variable  by  reafon  of  -the 
fluctuating  proportions  of  its  heterogeneous  conftiluents,  it  muft 
be  acknowledged,  that  precifion  in  fuch  a  calculation  cannot  pof- 
and^^trious  Rt«*  flbl)  be  attained,  and  can  fcarcely  be  approached.  On  this  ac- 
fons  afford         count,  all  the  experiments  already  noticed  are  open  to  the 

ground  for  .  i  i  •     r 

doubt.  explanation  of  Dr.  Hooke,  and  in  fome  raeafure  liable  to  the 

objedlion  whl(  h  lie  had  urged.    I  confefs,  that  the  experiments 
of  Mr.  Dalton,  in  perledl  concurrence  with  that  explanation, 

*  They  weic  tranfmitted  to  our  Journal  by  the  author  in  Vol.  X« 

created 
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create«l  coulWerable  doubli  r>?l'pe£)Ing  the  nillcnce  of  llre.pe- 
culiarily  of  w<iler;  againfl  the  piobabiliiy  iif  wh'icli  dicuni- 
flance,  all  analogical  TcaConing,  and  every  argUiinenl  i)  priori, 
flrongly  mililaii-. 

Unwilling  tii  remain  in  uncerUinty,  and  conCdeilng  it  aa  a  Th«  MUher^ 
point  of  DiDch  cniiofity  and  interefl.  1  have  endeavoarcd  lo  in-  ^/„'^  m^h 
veOigote  ihe  fubjefl  by  esperimeali  conduflcd  in  a  touUy  dif-  •nien.iii  byitM 
fereat   manner,    equally  calculated   to  exliibil  the   lingular  J^'J^'™'" 
truth,  but  fice  from  the  objeftions  to  which  the  others  are 
liable.     In  ihem,  it  was  my  objefl  lo  provide,  thai  neither  the 
changes  of  ihc  odual  volume  of  the  water,  nor  the  alterations 
in  the  dimenlioni  of  (he  inllrument,  (bould  have  any  inlluencc 

'      whatever. 

'  I  have  already  taken  occalion  to  (late,  that  the  purpufe  of  ihis 
paper '»  to  prove,  by  e^peiiinenl^  on  ihe  principle  now  men- 
tioned, thai  in  the  conftilulion  of  water  there  really  exifl*  llic 
£ngularity  often  noticed. 

I  fliall  firll  Dale  Ihe. plan  of  lheeTcperiment<,  and  then  deUit 
tbe  ptiticulart  of  the  moft  remarkable  of  ihcm. 

When  any  body  is  dilated,  whether  hy  heal  or  cold,  il  necef-Hii«i»od»« 
fcfily  becomes  lef*  denfe,  or  fpeciBcally  lighter  j  and  the  oppofile  ™J"J^^jJj^ 
«S«Clirefult  [romrontraftion.  This  is  ihe  circumnance,  as  eve- water  rilu  or 
ty  one  knows,  whlthcaufei  various  movement*  among  the  par-     ~,,^ 
liclei  of  fluids,  when  any  inequality  of  lemperaluie  prevails  in  chuiKCt  of  I'm- 
Ibe  mafs;  hence  ibefe  particios  are  little  acquainted  with  a  flale  r<="t""» 
of  reft. 

If  a  partial  application  or  fubtradlon  of  heat  proiluce  an  ir. 
equality  of  denfUy  in  a  mars  of  lluid,  the  hghtcr  parts  rife  Id 
the  furface.  or  the  denier  fall  lo  Ihe  bottom. 

II  readily  occurred,  that  1  migiit  avail  to  my  (elf  of  thefe  move- 
roenli,  and  upon  Aalical  pnncjplef  determine  Ihe  quuilion  in 
difpute. 

i  hod  only  to  examine  attentively  water,  as  it  was  heated  or  wWtti  torii  be     ■ 
cuoledln   ajar,  ami  lo  oKervc,  bv  m^iam  of  ihcrmometen, ''°"  ^ ''^ 
what  hluation  the  warmer,  and  wliai  Ihe  cooler  parli  of  Ihii  pixcd. 
fluid  affeded. 

If  I  (hould  find  that  ice-cold  water,  in  acquiring  lemperalore, 
fliowed,  in  iK  whole  progrefi,  the  warmer  paiU  near  ihe  lop,  it 
would  indicalL-lhat  water  follows  ihcufual  law,  andii  expand- 
ed like  other  bodies  by  heal. 

Or  if  I  lliould  obfeive  that  warm  water,  tn  cooling  lo  Ihe  Far  ihc  cold 
iiKimg  [>giiii,iiad  iJie  coldeft  portion  undbrmly  at  the  boiiDm.  i«>"'0""'f 
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jcbatige  of  tern-  A^  Tmnt  conclofioa  woold  follow ;  while  a  diflRBtent  inStmite, 
^^T^ti^^it  and  the  exiftenoe  of  the  TuppoTed  anomaly,  woald  be  dcdocibiB 
the  bottom,  if   ibooM  theevenl  prove  diflferent.  The  only  circaai fiance,  lean 
'^'^[^h^!!^'  ^KUi'O  to  myfelf  as  tending  in  any  nfteafore  (o  render  thit  mode 
of  examining  the  point  doubtful,  is,  that  water  near  itf  congeal* 
-  ing  point  may  have  fo  little  change  of  denflty  occafiooed  by  a 
'   fmall  variation  of  temperature,  that  its  particles  may  be  prevent- 
ed by  their  inertia,  or  by  the  tenacity  of  the  circumfluent  mafs, 
from  alTiimiag  that  fituation  which  their  fpecific  gravity  would 
allot  to  them« 

It  will  appear,  however,  very  clear,  from  the  circumAancet 
of  the  experiments  which  I  (hall  immediately  detail,  that  oo 
obflacle  to  the  fuccefs  and  precilion  of  the  experiments  pro* 
ceeded  from  this  fource. 

It  is  not  neceffary  for  me  to  rebteall  the  experiments  I  have 
made,    I  fliall  refirid  myfelf  to  the  detail  of  fix,  which  prefent 
varieties  in  the  modes  of  procedure,  and  which  afford  the  moft 
firiking  refults, 
£ip«  !•    Ice*        £sp»  Im  I  filled  a  cylindrical  jar  of  glafs  8-|  indies  deep,  and  <4>| 
coidw<tef«i>     Jn  diameter,  with  water  of  temperature  32^,  and  placed  it  on 
atowfphere,  was  &  table,  inierpofing  a  coofiderable  thicknefs  of  matter  pofTeflfed 
^■'•""^.(■i*}    of  little  power  of  condofling  heat.     I  fufpended  two  thermos 
after  which  it*   nicters  in  the  fluid,  nearly  in  the  axis  of  the  jar,  one  with  its 
wM  witrmcr  at   ball  about  ha'f  an  inch  from  the  boUom,  the  other  at  the  fame 
^  diflance  below  the  furface.     The  jar  was  freely  expofed  to 

tlie  air  of  the  room,  the  temperature  of  which  was  from  60^ 
to  G2^. 
The  experiment  commenced  at  noon : 

Top  Thermocn.  Bottom  ^ 

In  10  minutes,  -  33+  -         31^+ 

—  30 -  35,5  -         37 

—  50 -  37  -         38  + 

—  an  hour,  -  38  .38  + 

—  ——and  10  minutes,  42  -        38.25 
30 41-  -         40 

50 46+         .         41  + 

—  2  hours  and  10  minutes,    18  •         42.5 

:;o —   :>o  -       4 1 

jO jO.5  w  45 

—  '*•  hours,  -  54  -         49 

ConfidLiig 
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34^ 


(uppcJIIui, 


Confidfng  in  Ihe  initicatkiDt  or  the  thermometcn,  froin  Ah 
Upetiment  we  learn,  ihatwhcn  heat  flow  i  onalllideifrom  Itic 
ambieni  air  Jnlo  a  column  nf  ice-cold  water,  llic  warmer  pnr- 
tionsof  [tiefluidaflually  defcend,  and  lake  polTcflion  uf  the  bol- 
lorn  of  the  veflel. 

Thii  downward  courfc  proclaimi  an  increafed  denGly,  and  whence  It"* 
uailie)  that  the  cold  water  ii  contrafled  by  heal.  At  roon,™'^)^** 
however,  at  the  llutd  at  the  bottom  exhibiti  a  lemperaiare  of  pei)  fluid  ma 
SS",  Ihi!  courre  is  retarded  and  foDn  llopped,  and  with  the  rife  " 
of  lemperalure  bejond  -tO'  is  (olally  changed  ;  for  when  the  tu, 
tnsfs  atlaina  litis  degree,  the  experiment  equally  Ihows,  that  the  " 
warmer  fluid  afcendi  and  occupies  the  fummil.  by  ilt  route  ai 
nounctngiKdimininicddenfily,  and  proving  that  water  is  now  higbn  pjn  of 
expanded  by  heat. 

Exp.  II.  I  filled  the  fame  jar  with  waleTofiemperalureSS';  and  Eip.  i.  Watt 
thai  1  might  oblerve  the  phenomena  of  cooling,  I  placed  it  in  ^' "  ^^^ 
ihe&xiiot  aniuch  latter  cylindrical  vefTel,  nearly  full  of  water,  cooled  brtim- 
of  temperature  -11 ",  and,  b\  an  earihen-ware  fupporl,  raifed  it  '^'P'"?  'V"*' 
aboat  Ihree  inchei  from  the  bottom,  taking  care  ihat  the  nnler  water.  Jt «« 
fliould  be  on  the  fame  level  in  both  vefleli.  As  foon  as  I  had  *»™'^  M«f 
adjulted  the  twolhermonielcrs  as-"  *'"'*'"'■•"-'»-'"'■■— "■  '  -—  ■' 
obfcrved  that  (he  lop  of  the  fiuid  vi 
lom  had  fallen  to  vy". 

.  Tofit  Batnm. 

In    9  minutei,        52"        -        4^ 

—  15  ■ 52  -        4+ 

Now,  to  accelerate  the  cooling,   I  withdrew  by  a  fyphoi 
the  water  from  the  large  cytinderi  and  fupplied   im  placi 


a  the  former  experiment,  I  ^iitj  j^ 

Bi  fllil  at  53",  but  Ihe  bot-  «"""  (♦'+) 


by  ice-cold  wale 
repeated  cauiioui 
fature  «f  32». 

In  23 

,  mixed 
agitation 

Ailh  f 
wask 

■V4. 

agmenis  of  ice 
pt  uniformly  at 

»        -        «+ 
40 

which  hy 
he  lempe- 

—  38 
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This  experiment  is  the  counterpart  of  the  foregoing,  %jad  from 

the  teftimony  of  the  fame  inftromentsy  it  appears,  that  when  a 

cylinder  of  water  of  53^  19  cooled  by  circunifluent  iced  fiuid,. 

tlie  colder  part  of  the  water  takes  pofleffion  of  the  bottom  of  tho 

veflfely  fo  as  to  eflabliih  a  difference  of  temperature  from  the  fiir« 

face,  amounting  fometimes  to  8^.   And  that  as  foon  as  the  fluid 

at  the  bottom  arrives  at  the  40th  degree,  the  temperature  of  the 

fluid  in  that  fituation  is  (lationary  till  the  furface  reaches  the 

fame  point. 

Wlicnee  thp  During  the  Tubfequent  refrigeration,  the   progrefs  of  the 

bMTCeduin  ^^^*"S  undergoes  a  total  change.     The  thermometers  tell 

the  fMrmef  ex-   that  the  colder  fluid  rifes  to  the  furface ;  fo  that  the  top  gets 

feibKnu  |(^^  (^2f(  q£  ^^^  bottom  foon  by  4^,  and  attains  the  lowed 

temperature  of  34^  very  long  before  the  other  falls  to  the  fame 
degree. 

Tliefc  circnmfiances,  I  think,  lead  to  the  conclufion,  that  by 
thclofs  of  caloric,  water  at  53^  is  conlra^ed  and  rendered  fpe» 
'  cifically  heavier*  and  that  this  continues  to  happen  till  the  water 
come  to  the  temperature  of  40^,  at  which  period  an  oppofite  e(» 
fed  is  produced ;  for  now  the  water,  as  it  cools,  becomes  fpecifl'* 
caliy  lighter,  or  is  expanded. 

In  this*  as  well  as  the  former  experiment,  the  complete 
change  in  the  (ituation,  which  the  warmer  and  colder  parts  of 
the  fluid  alFededy  in  the  progrefs  bolh  of  ihc  Iicating  and  cool- 
ing, while  every  external  circuraflancc  of  the  piocefs  con- 
tinued unaltered,  is  particularly  worthy  of  remark. 
Exp.  3.  A  tall        £j/).  1 11.1  took  a  glafs  jar,  17. 8  inches  deep,  and  4.5  in  diameter 

jar,  nearly  18  internal  meafure,  having  a  neck  and  tubulalure  very  near  the 
inches  high,  •  ,     ,     i7  i-     1  •     1   i    r         r    •  .  • 

containing  water  bottom.     I  provided  alio  a  c)finulrical  baton  of  tinned  iron, 

at  50*,  Mias       ^  g  inches  deep,  and  10  inches  in  diameter,  with  a  circular 

cooled  round  »t$ ,,,,.,,,        ^    ,       .  ,  , 

mfptrfart  by  hole  m  the  middle  of  the  bottom,  large  enough  to  receive 
keandfaJt.  the  top  of  the  jar.  By  means  of  a  collar  and  cement  I 
cure  fclUmckcft^^'cu red  this  bafon,  fo  that  it  encircled  tlie  upper  part  of  the 

•t  bottom,  till     jar. 

condnucd  fta-        '^'^^  obje6l  of  the  contrivance  was.  to  have  the  means  of  ap- 
tionary ;  after   plying  a  cooling  medium  to  tiie  fuperior  portion  of  a  cylinder 
^ich  the  fur-  ^j-  water,  and  it  anfwered  the  purpol'e  completely,     I  intro- 
freciing,  and     duced  the  ball  of  a  thermometer  through  the  tubulature,  till 
congealed.         j^g  extremity  of  it  nearly  reached  the  axis  at  three-fourths   oi 
an  inch  above  the  riling  of  the  bottom,  and  having  fixed  it  in 
this  iituation,  I  rendered  the  aperture  water-tight,  by  a  per- 
forated cork  and  lute. 

This 
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Thti  very  tall  jar  was  placed  on  a  taUe>  with  theuiterpo£« 
tioii  of  bme  folds  of  thkjL  paper^  in  a  room  without  a  fire»  of 
the  tempetrature  42^« 

I  filled  it  wi(h  water  of  50^,  and  poured  into  the  bafoOf 
whidi  eobraced  the  topi  a  mixture  of  powdered  ice  and  (alt, 
.  From  time  to  time  I  explored  the  temperature  near  the  (iuw 
&ce,  by  inCerting  the  bulb  of  a  thermometer  to  the  depth  of 
balf  an  inch  nearly  in  the  axis. 

Bottom.        .Top. 
46.+        — 


940 


One  o'clock. 
In  1 1  niinutes, 

—  15  

—  21  

—  31  

—  41 


Air. 
42© 


ine  ciponNBC 
liHe^  SolMBrtk. 


—  51 


—  4|  hours, 

•^  5{  hours, 

—  1 1  hours, 

at  midni 

—  19  hours, 
next  mornin 

—  26  hoursy 


,  i.  tf.  \ 
i,  e.  "I 


—  32 

—  41 

—  50 


45 
4 
42 
41 


40  + 

40 

39.5 

39.5 

39.5 

39 

39 

39 

40 

40 

40 
41 


48 

46— 

44 

42 

r  At  this  time  a  thin  film  of 
34  <  ice  begap  to  form  in  con* 
l^tad  with  the  glafs. 

»34 


r  A  cruft  of  ice  of  fome  thick- 
<  nefs  now  lined  the  glal's^ 
[and  air  had  fallen  to  40^. 


Crud  of  ice  complete. 

Air  40^. 

(Air  40^.  So  much  ice  had 
moiled  that  the  cake  wa^  de« 
tached  from  (he  fide  of  the 
veffel,  and  floated. 

Air  41  ^.     Ice  not  all  melted. 

Air  42^.  Ice  not  entirely  gone. 


This  long  protra£led  experiment  prefents  fome  flriking  fads.  Review  of  t]ie 
and  its  general  import,  with  regard  to  the  fubjedl  of  invefliga.  f*^*l>^  »«• 
lion,  agrees  with  tlie  preceding.     In  it  we  fee,  that  when  the 
frij^orific  mixlureabflrafled  caloric  from  the  upper  extremity  of 
a  cylinder  of  water,  nearly  IS  inches  long,  and  at  50^^  the  re-    , 
dudion  of  Icinpcralure  appeared  fooner,  and  advanced  quicker^ 
at  its  lower  extremity  than  in  the  axis  at  the  top^  not  two  and  a 

5  half 
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tia)i  indies  diftaat  front  ilic  cooling  power.     Na  one  cm  tn4 

Icrlain  a  rioubl  that  thin  ii  owing  lo  a  current  of  cooled  anil  coni^ 

denfcil  fluid  dcfcending,  and  a  correfponding  one  of  a  wanner 

lempcralure  afcending.     Now,  if  '•ater  obfeivcd  the  fiiae' 

law  that  oilier  bodiei  do,  and  hod  no  peculisrily  of  confiilu-i 

lion,  the  fame  progrefs  of  cooling  (hould  continoe.  Tliii,  bow. 

erer,  ilie  experiiaenl  (caches  ui,  is  not  the  cafe :  ml  fooD  aV 

ihc  fluid  bI  ihe  boiiom  exhibit  a  lemperalnfe  of   lO',   it' 

ceafes.     The  colder  fluid  remains  at  top,  and  quickly  loGng' 

Ai  the  fluid  be-  temperature,  ere  long  begini  to  freeze.     The  coniinaance  ciF 

^^Zattv^"'k  '''^  ^°^*^"  ""'''  ^'  '''^  furface  furely  denoies,  that  it  ts  not 

•na  not  da/rr     more  denfe  than  the  fubjacent  warmer  water.     The  legitimate 

'*""'''""  4°°' inference  from  this  i),  that  water  of  lemperalure  W  ii  nirf 

COiilrufiud  by  buing  cooled  to  32''. 

Did  waler  obferve  the  ufual  law,  and  lofe  votumealong  ivilh 
temperature,  this  experiment,  by  iti  lung  duntton,  aSbrded 
ample  lime  for  the  mBnifuHation  of  il. 

For  not  lefs  than  two  days  did  ice-cold  water  maintain  pof- 

feiUiin  ai  tlie  top,  and  for  the  fame  period  the  temperature  d- 

the  bottom  never  fell  below  39".     No  current,  therefore,  oT 

cold  and  condenfed  fluid  moved  from  the  fuiface,  to  affirfl  the' 

inferior  thermometer,  or  to  attell  the  conlraclioa  cf  watef^ 

bj  cold. 

TctiJiecipcti-      This  experiment,  however,  I  mud  remark,  does  not  warraol 

mcntilMiBut     iheconclulion,  that  the  water  is  a^ually  expanded,  Ibough  M' 

Mrer>  '"  "^  degree  oppofes  il.     It  proves  no  more,  than  Itiatibe' 

conlraftion  ceafes  at  40"  ;  and  tliat  waier  of  3'^"  is  r>oi  mor* 

It  mightbeeven  denfe  than  of  3i»°  or  W.  Nay,  fomc  may  perchance  alMge, 

■tkigti  ihK  »   that  It  does  not  prove  fo  much  ;  conceiving,  that  if  at  40*  lh*I 

rmilUiub  of  „,  ,      .         ^         I,         ,         I  .  t 

dcnfiti  pi»-       coniraclion,  wiihout  ceafing  allogether,  becomes  very  incoti-' 

(tiled ;  fideiable,  the  dillercncc  of  denliLy  occafioned  by   Ihe  fobfe. 

(jueni  redufiion  of  temperature  may  be  fo  very  IriDing,  as  noO 

to  enable  tlic  cold  particles  to  take  that  filualion  which  tbcit-^ 

gravity  sflignf  to  them,  in  oppofition  to  the  Inertia  and  (ens^ 

city  of  the  fubjacent  mafi;    and  therefore  that  the  colder/ 

though  heavier  fluid,  may  be  conArained  to  remain  abovv^ 

hstdliiinot    Tiial  this  allegation  fhouM  have  no  weight  attached  to  il,  the 

ntiUeti  to  ts-    citcum  tbincei  ol  the  fucceeding  experiment  will  clearly  flmw» 

■"*■  a<  I'n.i.11  ft-.n  nolle*.  » 

Thiihfii  which      B'fote  quilling  theconfidcrattonof  the  prefent  experiinenti'' 

filTti  bjii'ita  ■^  ^,jj  be  wutlli  white  io  remaik,  that  il  may  fe^im  ralber  fof-^ 
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^•JjB£,^Uiat  llieboltom  of  (he  (laid  waiuotapjtarently  alTc^ed  m^ifl  hive  b«a 
in.il^  le;n)Kia(urB  by  ilic  ice  which  ib  long  occupied  iu  ^M- J!^a£oii«eJ. 
face.  Ii  migliL  be  expelled,  though  no  cold  ciircenls  de> 
ftaided  fniiii  above,  ihal  the  caloric  fhould  be  condu£k«d  fioia 
titiloiv,  and  iliut  the  Lcmpetalure  Ibould  by  that  lave  been  re- 
duced *.  I  CuppoJe  thai  Ihe  caloric  did  pid  IVom  ihe  lower 
Aiala  ijpivarda,  but  extremely  ilow,  by  leafon  ihat  Jluuls,  as 
Count  Kumrord  laughl  ut,  ace  cxcellively  bad  condadors  of 
heat,  and  To  very  (lowty,  tlial  ihe  caloric  entered  itom  the 
xl'moTpheic  witli  rufTicient  quiclinefn  to  prevent  any  dcpielTioii 
ol  (eupctaliire  beJow  the  SOth  degree. 

T^hii  mjieiiinent,  I  may  conclude  with  rematking,  is  very 
well  calculated  (o  exhibit  the  error  of  the  popular  opinion,  that 
•'  heat  iia5  a  tendency  to  afcem!." 

•ANNOTATION,  ev  the  Avthob,  f 

ThU  experiment  may  perhaps  be  thought  lo  give  counte-Tlie  opinion  •* 
■    nance  to  the  opinion  of  the  very  ingenious  Count  Rumford,  *^'""''  Rumfof4 
that  fluid)  cannot  condufl  heal,  and  that  no  interchange  of  ^ot  coodnA 
deal  can  lake  place  between  the  purticlet  of  bodie«  in  a  fluidh'*''t)nipY. 
flafce,  feping  thai  for  iw  o  days  the  fluid  at  the  bottom  of  the '"''  "*  ^""*''* 
■vpITcI  never  fell  below  as",  though  the  furfaco  was  ai  S-i". 

From  thecircumflancei  detailed  in  Ins  feventh  vlTsy,  the 
Count  concludcdt  that  heat  cannot  defcend  in  a  fluid.  From 
Ihe  pfefenl,  it  inighl  wilh  etiual  juflice  be  infcried,  Ibat  heat 
caniK>t  afccnd. 

Had  I  not  Ihe  foiled  conviction  tliat  th 1 1  celebrated  phiiofo- ippim  ts  bt  i»- 
pher  hai.  pullied  his  ideas  too  far,  ]  niiglit  be  difpofed  to  con-  ■<^'"'e> 
fider  Ihit  experiment  ai  according  well  wiili  the  liyputhelis. 

Soon  after  the  inietcfting  fpccutaiions  of  the  Count  ap- 
peared, I  began  to  invefligate  ihe  fubjcA  ;  and,  by  a  pretty 
long  train  of  cxperinienls.  which  I  have  annually  tiken  an 
opportuoily  of  detailing  in  my  le£lurcs,  I'atisfied  myfelf  that  he 
aHigned  to  fluidity  a  character  that  doet  not  belong  to  it. 
r  Though  lioce  the  date  of  thefe  experiment),  the  public  bai 

f  As  ihit  noce  fubjtniud  »t  the  foot  of  tbe  page  after  tbe  words 
tmperar-jrt  fioulJ  bj  thai  ha-ui  brtH  rrductd,  in  ihe  original,  it  of 
fuch  confideiable  Itogih,  I  have  taken  tbe  liberty  of  putting  it  in 
the  fame  type  a.  the  (Mt.-N,,  ^^^,,  ^,  ,_,,.j„  „   ,  , ,    . 
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eflhcir  tdliiimity  ill  bvuui  of  [he  contlu^jtig  powq-4)if  <l|4Hli%  | 
,- i.-]  nu^  be  clliuiaiLit  ,.  ;,  .      v,    -,„_  ,,q 

»  .  .TbeKXpufioieuts  wvra  trl' iwotlofcnifilioM.    .;    ,:■  ti-.'r.;-i: 
The  one  fcl,  of  llic  Jarac  nalure  iieprlj.wilh  %»fcaf'Cpunft 
R4niford.,,w85  dcligiicd  to  cxiUHiie,.  Whiilber  heat,  .when 
ifgpLcd  Id  the  Turfine,  caaddlcivi  ui  s^tLi'^-,  -aixi  (b^.olliQr. 
16  clircuver.  Whether,  on  ihc  mintiiic  trt",  ditlej^eTil  ii^itip^ij.of 
1  inleicliitigi;  of  ca1t>|iC;t4jkG^ 


lk»  thu  bnc 
iin  ddccod  ia 


lui<i  at  <lilVer 


mperalure 


-ivin  ■■ 


,   olicfibelween  the  partklerk; — \\'«l3r,  ((".andnif^cii/y^btving 

:  bacn  the  fubjecliof  Lbc  Couni'i  eiLjierimeiU^  wue,eiBB]|^)^ 

■  fortheftrtt  Itl.  ,.,,-,    .,:,i» 

Tonterfuijtn     Tu  exploic  ihc  condudinx  power  ,«f  .water  ami,  oi]^,^f) 

""''"'^**J^"appai»tui  whicli  I  ufed  conjillcd  pi"  two  niTi^s,  oT  liiuie^ 

rroRi  the  boEiom  i'on,  botli  c)  lindrical.  and  lite  one  rooiewhat  latter  lUv?;tf>|^ 

■taf  »TDttiUicmf-o[|,gr_     -j-j^e  larter  iiad  a  diameter  of  eleven  jnche;*  andiBlA 

fel  (in  contjft     .  .    ■      r  1      n      r    ■         -  1  .■  V  1    ■  i  '*  "* 

wiih  the  fiufecc"  *«f«  poufcil  ihe  fiilijtfl*  of  llie  trial,  to  dillersfildpput^iU^ 

•fthejiuii,       ditTerenl  ol'i. ulions.     Tlic  fmalkr  was  ten  and  a  b^jf^infiin 

hoilinBvfiier^    ill  drameltr.      By   ihfcc  hoofcs   it  was   rurpetiL]4<l  IK^J^^ 

aitbia.  larger  pan,  in  fucli  a  mnnner,  Ikat  tlie  hqUuni  of  It  c^9U 

reached  and  came  in  L'oiilact  wiiii  the  yurf^ce  of  ^Ife  fluij. 

This  Imallyr  vellel  became  the  foil (cc  of  (lie  heal,..k,y  Wt^ 

fillei)  Miih  hoiliiig  hot  wat«.    The  waicr  was  .ch'uiged^;^^ 

qaenity,  uaru  being  laken  to  nvoit^  b^  thf  uft;^f^  l)'!^*"'* 


uid  diftuibancG. 


In  evperimenti  of  ihis  nature,  die  (Ijffict(l},)r,  ^j  fo  .Jf^rcflj,, 
sjance  of,  ciluric  by  the  fides  gf  |ihe,veir^^.jlpl» 


ov'^rMWPK.p^tlj^. 


Sn 


tfdtht^aul  tempted,  and,  fthink,  I  I'uvc^edcd, 
^i'Tnfthe  '"">•  ^y  •'"'rtling  >l'e  larger  velTol,  a>  a.h^^.X, 
itiimng  vtlTci  r^pondiDs  »ith  tltat  uf  the  futfacc  or  Ihc^Qjiijl, 
iliepicDid  j  guiierorchannel  about  hair  an  inch  iniieptli;  ai 
.of  ihtfliiiJ,*  flream  ef  cold  water  to  flow.coiiftaptly  througtf': 
'tjierrtfire;    tljls  gulliir,  wliiJ.;  Iioiu  the  f  jipolitc  liJc  it  ran. o) 

*rt*»l(!i.  1""   ■  ■  ■'         ,  -      .    '.    -.1 

The  ivalet  vvai  CLVcraiaegreciaitdct  f^ijl^  t^fuW 
expen'mcdt  J  affu  keeping  i.'ool  tfie  portion  -'*^'-- '-^ 
which  it  wa?  ill  <;onia^,  _ii  iiiterceplejj  jIm 
oOierwite  have  IraveTled  tijr_  t!ui  fOLJ^.tStlt 

■y  nH    '  'Tor'^iswc'urv  i  liwI'fficoBife  Uisi 

ioc  L  ft.  TtllWJVtl 
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In  all  the  experiawnba  ihermoiMWT  bore  leflimooj  Uitf  (he  I5  *>■  ^ ''l^' 
eiJanc  dpfretidcH  rrom  the  Atrlacc  lo  the  boliom  «f  the  fluid,  j^rcExdnl 
ani  deraondrklcd,  at  leatl  to  my  cottvi£tion,  lUl  fioidt  can 
condud  beat. 

The  progreri  of  liie  heat,  however,  wai  very  (low,  and  "'•'r- 
■lleDed  the  important  ftQ,  for  wlirch  we  ought  10  be  thank- 
ful 10  Ihe  Coant— Tt»t  fluidn  are  ve,y  barf  condofliMT!. 

The  Tccund  Tcl  of  nperimentJi  wa*  calculated  lo  examine, 
in  a  very  ditTeienl  nuuiner,  Ihe  poftiion)  That  all  tiilcrdiange 
and  com  mimical  ion  of  heat  l^lween  the  particles  of  flaidi  is 
impodible. 

When  a  hot  and  a  cold  fluid  arc  miked  logeDier  and  ivellO'hcmptrl- 


mufl  proceed  eilher  from  a  communicaiian  of  heal  fron 
wafDKr  lo  (he  colder  fluid,  agreeably  to  the  common  opinion, 
«  from  a  perfcfl  inlerminture  of  hot  and  cold  particles  ac- 
conling  to  Ihe  notion  of  Count  Kiimford.  To  which  caufe  it 
ought  to  be  attributed,  I  conceived  I  might  difcover,  by  sfcet- 
Ikinrng  whether,  after  fucli  an  inlermislufc,  any  fcparalion  of 
the  hot  ux)  cold  poctiotu  took  place.  If  the  cquilibriani  of 
temperature  be  omIm);  to  intermixture  without  interchange  ftf 
caloric,  (he  hotter  particlet,  ai  foon  a<<  ihe  agitation  cWe*. 
oaghl,  by  roafon  of  (heir  greater  rarity,  tn  accumalale,  lo  9 
certain  degree,  at  thefurface,  and  there  exhibit  a  tempcratur* 
»bave  the  common  one. 

[  lirfl  tried  water,  and  mixing  thit  fluid  boiting-hot,  with  Wlwa  hnt  uii 
an  equal  qnanlily  nearly  ice-cold,  in  a  lloppercd  ^lafi  jar,  I  "^T"^  "* 
fbook  tkero  well  for  a  lliort  time.  ^ui„  ^  coawwn 

I  then  noticed  (he  refulting  tempcr/tlure,  and  railing  the  ^ 
ball  of  Ihe  thermometer  toward*  the  furface,  I  had  an  oppo(- 
.titnily  of  obferving,  that  il  never  rofe  the  fmallefl  portion  of 
■  degrceabove  the  common  temperature  which  bad  been  efta- 
-Uiftied, 

I  next  made  a  fimllar  experiroenl  with  klcohol,  frlediog  it  TIn  fi««  4ffiA 
•n  accounl  of  ilt  remarkable  dilatability.     I  ihook  wvll,  for  ^^^^ 
kklf  a  minate.  a  mlztDre  of  ei^ual  puts  of  atcohol  at  tempe- 
40*  and  at  (emperalure  JTO*.     The  refuhing  tempcraiut*  of 
tttemars  wit  140". 

Now,  if  thit  wsi  K  niatore  of  paniclei  at  W  and  at  170*. 
m*  Iha  difiet««c*  of  fpociSc  gravity  between  the  fluid  at  ibrfa 
tcmpciatnna  it  nry  confdaraUe,  fgnc  reparation  of  ^  ( 
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laid  lighter  partkkii  from  IteviUien,  oughCt  I  conceive,  to 
hare  taken  place.  The  tempcfratore  oPtbe  lop»  however, 
never  indicated  the  arrival  of  warmer  jMortides.  It  never  a(- 
cended  above  the  point  of  equHibriam*  -    > 

From  iheit  experiments  Icokicloded^  that- (he  uniformity 
of  temperature  was  efiabliftied  by  an  adnal  communication 
and  interchange  of  heit  between  the  particles.  - 
Count  Ramfiord  It  may  not^  however,  be  improper  tathrte^  that  Count 
J^'J^l^^  Rumford,  with  whom  feveral  years  ago  I' had  the  pleafure 
nisbt  be  too  •f  cofiverfing^  npoo  this  fubyea,  aliedged^  that  Ifae  iAlir- 
^HJ^^^^^^^*  mixture  migbt.be  (b  complete  as  to  prevent  any  fapantiia 
lions  ''Whatever.   -  ■ 

If  it  be  a  property  eiTential  to  fluidity,  that  heat  cannot  pifii 

'from  one  particle  to  another,  the  particles  of  dtflNVsnt  fluids 

;DUght  (o  be  equally  incapable  of  impartm^  caloric  suitfliL%4o 

each  other.    Unfortmatelyi  however,'for  the  fpeailalMB,  tbe 

-the  caloric  is  fo  communicated    Thangk^  i -.  frioru  I. ^aloff- 

lain^  n&  doubts  refpeding  the  rcfuk  of  Um 'Oapeiuaaiif^jl 

hatiiiUiaJL       poured  a  quantity  of  dire  oil  which  had  been  heated  J>yjib- 

"jS^mrnm^  merfion  in  a- veCel  of  boiling  wa««r  far  half  aa  h<mn  «p».flii 

temftncQiB  bf  equal  volume  of  water  of  38^»  and  agitated  the  tmmi^Mn.hf 

^ibirthe&me  ^^^^^g  ^or  a  quarter  of  a  minute. .  The  common  tOBpeilttttae 

when  ftparate.  'produced  was  78  ^'f  and  the  heat  had  gone  frotn  the  oil  into  the 

the  water ;  for  when  the  fluids  feparated>  and  had  arranged 

therofdves  according  to  their  (pecific  gravity,  both  of  them  had 

the  fame  temperature  of  78*^  *. 

The  experiments  of  the  two  defcriptions  now  recorded,  left 
on  my  mind  little  doubt  that  the  Count  bad  overflrained  his 
concluflons. 

£zp.  4*  The  t  ^^,-  IV.  I  took  the  fame  tall  jar,  and  flopping  the  tuba- 
tail  jir  of  Exp.   jg^jy^^  ^^j,  ^  ^^^    j  ^jj^j  j^  ^.jji^  ^^^^^  ^^  temperature  40*, 

3,  containing  '^ 

water  at  40^,     i^nd  placed  it  in  a  pan     After  fufpending  two  thermometers, 

^"njr****/  ^^  '"  experiment  firft  and  fecond,  I  poured  a  mixture  of  ice 
tjrt  by  ice  and  ^^^^^  ^^^^  "^^^  ^^^  P^">  ^^  ^^^  depth  of  %.2  inches,  the  air  of  the 
Alt.  room  being  40^,  as  in  the  latl  experiment. 

The  tempera-  Bottota.  Top.  Air. 

tare  fell  as  Klcven  o'clock,  40*  40*^  40^ 

l.%:i:°!"  lnlOminu.es.  38+  38+ 


at  at  bottom ; 


^  This,  is  alfo  very  flrikingly  the   cafe  .with    mercury   a»i 
wAtcr.— 'N.  t  The  ^«t  i»  here  riTumed.  ^ 

In 


'OtWUKM^ttf,^  V^^BlC  aJt'llU.. 


-In,;^Onunut«, 


35.3 


-   100- 
.   120- 
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31— 
'-"A  cnR  of  ica  began  (o  form  on  llie  in£J«  of  tlie  glftb 
wlMmtfae  WBtei  in  the  ax'ucif  the  bottom  and  uf  ibe  lap  wm 
3136°.     In  Ihe  coiirre  of  ihe  expurimenl,  it  became  at  Icafl 
«n  inoh  thick. 

We  leamrromliiisexpertinent,  that  coll)  applied  lolhe  lower 
pari  of  )L  cylinder  of  weicr,  nearly  18  iDclies  lang,  and  havinj; 
ihe  leropemture  of  40",  U  squally  as  rpeedily  pcrL-dved  at  the 
fDRnnit  as  in  the  axis  of  lliat  parr,  on  the  external  furface  of  whence  it 
whid)  it  immcdialely  aSi.  As  lluidj  conduct  hea£  fo  verjr  lar-  ^"j"''j^  ^^^^ 
dily,  this  can  only  a  rife  from  cutrenli  of  cooled  water  afcend- ircenJrd  fctt' 
ingfrom  ibe  botlum,  and  ihefc  cold  currents  cannot  move  up-  ■'"  ^"^  j2 
wards,  weie  not  ilie  water  of  ilieni  fpecitically  l^hlcr  ibaa  lltat  be1a<r  40*1 
•f  the  incumbent  warnier  Uuid. 

The  water,  ihcrefoie,  wiiich  al  Ihe  bottoin  ii  cooled  by  the 
'contiguous  fti^dfic  mixtare,  niufl  be  expanded  by  the  lot*  of 

This  experiment  fccurei  full  force  to  the  lart,  at  it  obviates  ind  the  okjrc- 
thc  obje^ion  already  noticed,  and  alCrj  precludes  anollier.  1  "' 
■  have  already  iialcd,  that  it  may  perhapi  be  aHedged,  that 
the  ftuid  al  ihe  lop,  in  experiment  third,  though  cooled 
If*  32'  dia  not  dcfcund,  becaufe  below  iO«,  (he  coniraaion 
ii  fo  t/itliBg,  that  it  does  not  occa£on  a  dl^ercnce  of  fpo- 
cific  gravity  fulficicnlly  great  to  caufe  (be  parlide)  to  defcend, 
when  oppofed  by  (he  inertia  and  tenacity  of  the  ilujd  (liroogli 
which  they  Imre  to  ftti  or  it  may  be  conceived,  ItiaC  the 
defcent  is  lo  lardy,  that  time  is  given  to  the  ambient  air  or 
fubjacent  fluid  to  fuiniOi  heat  enou;;li  to  railetlte  tcreperature 
of  ihedelbeBding  tlream,  and  by  (hat  artefl  it  in  itt  doMnivard 
courfe. 

But  from  the  particulars  above  tecotdcd,  il  at  maniftft.  ihat 
pMi  change  of  denlily  between  the  leniperaiure  of  3'J^  and 
JO"  ic  quite  fuSicient  lo  pal  into  motion  thcpaiticles,  and  to 


»  E.,.  J. 
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ftiU  oJlei  Bi, 
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icnacitjr,-aud  to  wjllilf^nd  Ihe  ^riening  iWcRi  of  attni 
licat,  .  ,     _  .^ 

Though  thefe  experimeiKs,  and  Torne  other*  of  a  fimilar  Ha-^ 
fufc,  cirriH  conviflion  lo  my  mind,  and  pert'edl;!  bliified  mc 
lefpeclbg  ihe  tealily  of  ihc  anaro^y  of  waier,  1  delermined  ti^ 
*atj  fomewhal  ihe  mode  of  roaVuig  llie  expetimenl,  fo  as  l^ 
obtain  ftiU  more  (Iriking  rcfull*. 

For  (he  fifth  expcrimcni,  I  uled  an  ajiparalus  which  confillai^ 

■  ofa  flill  taller  Jar.     Il  wBi  21  inches  high,  and  -t  in  diamcler. 

,  ladJufteJ  at  llie  middle  of  iis  height  a  perforated  bafon  oftiiH 
niid  itan,  2  uiches  in  d(.'pth,  and  10  in  dfaaieter.  As  ihrsbadoa 
embraced  the  middle  of  the  jsri  I  could,  bj  fiTling  St  v.-id| 
bol  water,  ur  a  frit;untic  mi^tun:,  apply  heat  ot  cold  to  the 
middle  poriioo  of  the  fluid  in  Ihc  jar,  and  ihcnce.  by  ihe  Iher. 
mometer,  le^irn  what  courfe  ilie  heated  or  cooled  Suid  (boiJil 
lake.  i 


Eip.  5.  Tils 
l»ft.iiK>iti«ned 
]iiiu>G5lcd 
•ridi  ice-<a1d 
wwu.    Hot 


f  jp.  V.   r  filled  the  jar  with  water  at  SS".    I  placed  It 

upon  foveral  fold'  of  thick  cupel,  previouily  cOotcd  lo  the 

fame  degree.    TBe  air  of  llic  room  going  from  S3°  to  3j», 

I  inlrodoccd  Iwd  thermometers,  as  in  experimenti  firl!  M)| 

*  fecond.     I  then  poured  water  of  temperalute  68*ini(>  tttp 

:   bafon,  and  by  meant  of  a  fpoul  ariling  from  Ibe  Tide  of  it. 

"and  a  fyphon  conneded  with  a  refervoir  of  water  al  Iht 

I-  temperature  now  mentioned,  I  renewed  the  conietHlllC  IMi| 

bafun  frequently,  but  without  caufing  any  agitation. 


Top. 


"At  carnfflenr«Rient,  32" 
'   In  10  Riinulei,  .15 
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Ij"  From  this  (iioe  T 
chaTged  tliebaltMwiA 
wntiif  oF  iempvntat4 
SS",  and  renewed 'il 
frequeolly.  *^ 


^_*NotIurig^c»nbeini>re<leclfive  with  rmji)  Ipllie  ctneftidB 

Jp^ijilputc,  Ihan  Qic  {MrticiJan  of  flus  ^sipetrlo^t.     Meat'ta 

applied 


m. 


lolhmg  to  determine  ill 
ir  ftDoUiei,  cxteplin^  iu  a^usl  change 

n  currenl  Tels  down-  Whtnce 


i^Dlied,  to  the  iiiiddip  of  a  cotum^  of  ice-oold  water.    Tbp 
KeaJle^  portion  ha»  an  equal  (haie  uf  the  column  of  coM  HuicT 
above  it  and  beneath  it.     There 
couife  ill  one  dircflion 
of  ttenply. 

The  Iherraoroclcr  evinces  thai  the 
»vards,  and  ciirriei  the  increafcd  lcni|>i'ralure  to  'he  bottom.  ^°^"„,^(*j 
Thetfl,  lliis  infirument  indicajcj  ilie  fi/Cteflive  rift  of  feveral  wuv  iwwetn 
^effees,  before  the  fuiface  indii-slet  (lit^  fmaiiuft  accjuifition  Hi^^^Xt^ 
of  neat.  nnh  JnArtai 

The  inference  is  plain,  thai  tlte cold  watei  ii  conlTafled  by  t^"'  *■>"» **  ■' 

the  hfat.  more  thin  39+ 

The  change  of  the  effefl  of  lical  U  equal!)'  well  ijluftrated  ''■e  ■<"'•"'  «»'- 
by  this  experiroeni 


No  fo«ner  did  the  inferioi 
5$',  than  (he  heated  fluid  aliercd  in  c 
rn(f,  carried  the  i 


r  portion  adain  the  temperature' of 
>urfe,  and,  by  afcend- 
eafe  of  lemperalure  very  rapidly  10  the 
u  fiirpalTcd  Ihe  bolttim,  and  conliiiued  to 
rife,  while  ihe other  reinained  ftationary.  ;    ■..» 

£J7).  Vi.  I  filled  rh(  jar  nkd  in  tiie  Ufl  tsperlmetil  with  E»p.  *•,  Wf^! 
water  of  lemjieruiute  SitJ",  ihe  air  and  the  fuppoti  being  at  ^utiKfiii/'i'M 
5S'.  Difpuiing  ihc  ihermomeler':  in  the  ofital  manner,  1  in-  «  39 j^»  an^ii* 
trodticed  a  mralurc  of  fnow  and  fait  into  the  hafbh. '  "  f|',V'™i!^t9- 

iht  middle  loM 
Aif.  Thc'flliU  *'^ 

oQj  .    btltOlfl"!'"     '■ 

■'^  rukel^  chmwa. 

,' At  Ihis  tiraef"**- 
ice  began  [o  be 

lide  of'thtf  vcf. 
fel. 


In  10  n 

—  25- 

—  33- 

—  53  - 


39+ 


36-5 


— -anhourand  10  ir 


—  2  houn,  -  S9—         "*^ 

.  Tliii  ex^rini?4  ^{^0^  ia  as  decided  laogllWK.  as  ilie  pre-  Se  thrti^^ 
.W(Ijt4[,  Ij.  Qiutvs  tliat  wben  a  pQ;Aio^,  in  (he  midtil^  of  ^  "™t*f  *"l'i. 
COlfuiut  :Pf  HuLei  ,al  lempeialore  3.9. ^is  cqjili^d,  ijie  coM*^tirtkj  cx^n. 
fiui(l  .;i/iiV  ?q4  '**V*  "<>'  dijicend  !tii«|unh  ihcwarmti  a'flf'- ''""'■  " 

ind   prefenU  lite  uoequivoral  dernqpiflration.  .thai,  ff^lar  f^ 
lemperaluju  :t^^''  is  aAually.  expaiidf d  |>y  luliagJttiiliU-  ^ 

Tlie  dillcreiii  eitperirocnU  whkii  I  have  in  d>;lail  recot4cd, 
Mi|ie,pCi!'.c!!_<  wiih  i-M-h  jlliir   '>»   the  cvi.U-r.to  thcygivp 


^»\t"LM  ****"'*•  ffi8t'i»TS*er  which  is  JcC-cold:  or  i  few  ij*fre*i 
witerwtontraa'wa"n*h'  when  healed,'  become?  fpeeifically  heavier, — tMt 
(0  4«',  ind  iff^fgi  of  4J50  „j,jn  healed  bfiMmes  f[»dfieat!_v  lighlcr,^ 
ej^i'^  '  that  waler  above  W,  by  ihe   lofs  of  lieat,  or  by  «>M.  « 

rendered  fpecifically  heavier;  and  thai  waler  below W  U, 
1)y  the  fame  caufe,  rendered  fped finally  lighter. 

Such  being  the  general  import,  ihe  conclalion  il  irrefidJbt*, 
Ih'at'Kest,  in  low  lemperalures  caufes  water  to  conUafl,  m9 
at  (iipefior  lemperalures  lo  expand.  The  opinion.  Ibeiefer*, 
i)  founded  in  truili,  ihai  water  portcflei  a  peculiariiy  of  «m- 
flitulioo  in  relation  lo  ihe  efTeA*  of  caloric,  ftnd  thai  ii  is, 
wTlhin  a  ftorl  range  of  lemperalurc,  an  exceptim  to  Ib^ 

general  law  of  "  expaiifion  by  heat."  '  ^ ' 

Thaircitcft  So  far  a»  lean  Jtidgi;  from  the  fe  ex  pert  men  U.  I  am  <)if-> 

itBbcy  1'"  l"-  pofed  (o  believe  ihai  rhe  point  al  which  Ihe  change  in  ttw 
••ttnjgj    in   ^.^jj^j^^^jj^^   of  this  Hiiid   in  relation  lo  heat  lake i  place,  lici 
belw-een  39}«,  and  the  40lh  degree. 

I  am  not  al  prefent  aware  of  any  objeflion  to  Ihe  nelhoi)  ( 

have  followed  in  ellablilhing  this  (ingu'ar  anomaly,  and  ?b  n- 

moving  any  doubts  which  may  have  arifen  fromlhe  u«a*Oi(I- 

'*-'"^r»M^  Tiftfc  iiiflatrcc  «-hich  Ihe  inftrumenl  mofl  have  in  Ihe'ttabde  of 

ntonducling  the  inveftigation  thai  had  previoaily  been  adopled. 

Thdc  (ipeii-        The  plan  of  operation  above  defcri bed,  however,  (mlymf* 

mcnulbcwthe  ceflaiiis  the  fafl  ;   il  gives  no  data  for  afcerlaining  the  MOOUnt 

chuuc,  bui  npi  '^  ""^  anomalous  effed  of  heal. 

■)tJ  jmount.  I  have  already  flalcd,  that  M.  de  Luc  allcdged,  thai  from 

«p''^.Ins  W    '*>*  lemperalore  of  H",    the  expandon  occafioned  by  cold 

cDntnitioai  be    was  very  neatly  equal  la  Ihai  produced  by  the  fame  numbef 

Mt^tJjjU    °^  <lcf*«5  of  hent ;  and  confetjuenlly  that  water  polfelfts  ths 

Ima^o*  r         fame  denfily  at  any  given  number  of  degrees  of  temperatom 

above  and  below  4.1".     The  firft  experiments  of  Mr.  Itelto|| 

appeared  to  confirm  this  opinion,  and  lo  enlarge  (he  range  (O 

which  it    applied,    by  extending  it   (o  temperBtnres  M' fiv 

."^'"*  ■  below  32*,  at  water  atiows  ilfelf  lo  be  cooled  before  it  begina 

•  tth.r  to  frcexe.     From  one  circomftance  ihatconfhntiy  oc<carred, 

•>ia-.::  2am  Toclined  to  think,  that  the  amount  of  ihedilalalionb/ 

.tjUjit'  '■told  l»  interior  lo  thai  caufed  by  heat. 

'  x^  "During  Uic  healing  or  cooling  of  water  below  40',  lfa«'di{> 

—  ference  of  temperature  between  the  lop nH  fcoHAm  lof  tiW 

fluid  was  lets  than  what  occurred  during  the  cooling  w  beaj« 


t 


CCVTf  AG4I«1I-&C    WjltEA  .BY^K^I.- 
iKgOf  the  Boid  thcoogh  ihe  tme  number  Bl,degw««leWi;  "i  juatj^^r 
il  I  ^nd  I  conceive  iliaU  when  oLiier  circoaltiacei,  btitfiac-      ■•  '  i.- 
bculafly  tha  raU  of  ibe  cluDge,  are  aliVx,  ibc  dLfierence  c£  \  '  ~'.^ 

lemperalure  between  Ihe  upperand  lower  paiiaof.the  lluidi  i 

as  it  depends  upou,  may  prove  a  lutalmi;  iil  the  difference  of  i  '*' 

deoliLy,  ' 

Alcohol,  when  heated  et  cooled,  prcfbnU,  by  rearoti  of  iU 
greatgr  cxpanlibiliiy,  a  greater  difference  of  lemperatur*  in 
ibefe  filuations  than  water ;  and  upon  Ihe  fame  principle  I 
intier,  thai  watet  from  40*'  it  more  expanded  by  an  eqa»l 
mmber  of  degrees  of  elevation  than  of  depreiDon. 

A*  the  concufrence  of  the  lelUmony  of  the  experimenli  it  !■  •  HBMIt 
above  related  with  the  general  opinion,  will  probably  letnove  ''I°'''''TJ2  *ilrf 
every  doubi  refpcfling  Hie  matter  of  fafl,  il  remain*  a  very  coutrn]t±mn 
(Uffioult  problem  tor  ihofe  who  are  fond  of  philofophical  in-  ^L')2»'''.'T- 
weOigalion,  lo  explain  how  heat  (hall  occalion  in  the  fame  r  ii<iS 

iuid,  nvilhout  pruducing  any  alteration  of  mechanical  form  ''T!' 

of  chemical 'Condition,  at  one  time  conlra£lion  and  at  anuthec 
OKpanlion,  and  to  reconcile  the  conUadive  ctie£i  to  the«on. 
j^eivod  floiiont  of  llie  mechanifm  «f  the  operalioni  of  Ihii 
■energetic  agent. 

.When  heal  caufe*  expanlioo,  il  is  imagined  lo  afl  by  twluc-  Tl>«  queftisa 
Mig  a  lepuUion  among  the  particles  of  bodies,  which,  oppoling 
Slid ove«f«twcii8g  the  cobel4veallra£ion,  caufu*  the  particles  .     . 

4Dfecede. 

Jn  what  manner,  then,  the  addition  of  beat  can  occaCftn,  or 
aIIow,  the  particles  of  water  to  approach  each  other,  and  how 
'    the  fabtraftion  of  it  can  make  ihcm  retire  lo  a  greater  diflance,  ~ ''' 

.  4  confefti  can  in  no  meaiure  comprehend.  .   <    ,,^.,, 

,       JVn  explanatiooi  abundantly  plaulible  at  (u&  view,  very  f<*^^^^'i> 
, ,  leadiJy  (iiggellt  itfelf  lo  every  one  who  is  aware  of  the  great  pi,Mtiua  t  *k< 
aixJ  lorcibJe  expaniion  which  happens  lo  ihji  ftuid   at  the 
moment  «f  ila  congelation.     Il  it  Rated  by  Sir  CharleB  Slag- 
dan,  in  tite  paper  already  quoted. 

The  reuiafkable  dilatation  which  water  eicpetieneoi  at  the  Ai  vunti. 
Jnftant  of  being  convened  into  ice,  is  very  generally  afcnbed,  J"'^^^^  ■ 
»nd  I  pcQlumevery  properly,  loa  new  arrangement  which  the  mi 
particle*  alTiimc,  determilied  probably  by  Ihait  polarity  [   by  "* 
wbicli  one  bde  of  Lbe  particle  A  is  aUlraflive  of  one  lide  of  B, 
..  ttrltile-UJiKfuUiiHi-ot  «nM]Kii. 

^s>tl-M  ^ota-jai  jiwub  tetiuiioeiWn  (uuLt »lal  kaw  tUV'a 
I* 


eavTBAetiow  or  xvatm  «r  M«Tr 
ii  11  Brob»blr        'Now,  if  ihu  polarity  opefkles  writh  fo  mocli  «<iergji'-4B  M 
thi[i)u)Tnnge-i<sp«rta!iDolt  irfuliHible  vxpanlive  Toice  M  temptnrtin>a0'V 
"rinfi^  ™      '*  "  f^"'**"*'''"  ^  fuppofe  ihat  it  in»y  begin  in  escrt  ilb  tM 
btgin  bcroTe        dtfence,  Iliough  in  1  tar  inleiior  degree,  at  t«aij>eiatur«*  ioHie- 
Midiqr  enfon,    ^^  aiota  eJcvaUd.     Tiie  expanSon,  Uierol«re,  ilisl  wk« 
p|4oe,  dutinftl'is  rail  of  lemper^ure  tiom  40°)  may  be  mm 
iratsd  U>  the  pariiclei  bef^inning  or  affeding  lo  «Qiin]e  that 
new  arrangement  which  their  potorily  aOigni  them,  in  wMch 
.<-,>    ~.  .1  :  ' : Uf asgWDent  ibefe  parlicle;  occupy  more  fpaoe  than  befewe. 
andtttcM^" '''  -  Agaiii,  when  heat  caolea  water  of  32**  lo  contract.   Upon 
fiT*  the  (ame  principle,  il  may  be  coocdved  lo  opcnlCi  by  count 

lending  ih«  fiQall  portion  of  (b«  dil^pofilion  lo  pahtily  that 
ftirvives  tite  liquefa^iioii. 

I  am  afraid  ihai  we  cannot  n(i  Utisiied  with  titii  expbnu 

Iron.     We  rauft  not  be  deceived  by  the  plaufibtlily  of  H, 

Theflaleof  perfed  Huidiiy  depends  upon  the  circumflanefi 

■«!.*<--  f>a'  ibe  particles  of  any  body  admit  ol  ready  rooiion  upon 

V  eavh  other,  and  that  (he  change  ul  reklive  fiiualiott  netela 

will)  linle  or  no  fenlible  refifhnce.  -    -^ 

Objcdion.  Thii     Water  Certainly  poirefTo  fluidity  in  a  f;re*t  dt^grMt  md  itt 

■dnncc  towirdi  pgoidet  mull  ol  couife  eneoumer  but  little  refiflance.  8<i  iboy 

Dught  (D  im'{>>'r  g'<^  '^^  0°^  ip*)"  ^^*  Other,    But  if  theft;  pailii'lm  Aiall 

tbc  flaiditj  1       begin  lo  exert  any  degree  of  polarity,  by  which  certain  fave* 

bticooie  more  difpufed  lo  aiiath  lo  chcIi  other  ihan  certaia 

■>Ui-^  Cillers,  Ihislendenvy  Houlctiiecelijrily  oppofe  thai  indiSei 

»  l^fj^'  with  r^std  to  poliliun,  which  is  elT'-nlial  to  fluidity,  andef 

cour[e  muft  impair  the  fluidity,  and  induce  lome  degree  of 

tenacity  or  vifcidily. 

•hicliJMin"        To  appearance,  ho  wevei,  waterat  32°  hot  it«  fluidity  M  pdt- 

^ac  "  M  t^e  (ea  ai  at  teoipeialures  confideiably  elevated.     Unwilliitg 

trull  10  appearance,  where  eKperiroent  might  docid«j  I  haW 
attempted  in  varioui  ways  to  afcertain  whelher  iKe  wattr 
fiiScii;  any  ferilible  diminution  in  thU  refpefi  while 
expanded  by  cold.     The  foUowing  method  1  deem  the  hofi 

EriKoBKiiU  f*>'  'he  fmrpofai  I  employed  agravimeter,  theoWecontrt^- 

withNidialba'itd  by  Mr.  Nicliolfon  for  ditcoverinz  ihe  weight  ind  rp»:i6D 

'    Thi*  i*  a  convenient  inftrument,  but,  unfortunately,  it  it  by 

fu  licklitli  as  a  balance.     Daly  loadejd,  (oax-ii/hm 

l^uA  yi^  iJic  water  in  which  ith  p|Hr>gedt,Alr, 

"  -IfidiollMfe 

.VlOtTftTO^./A 


k 
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NlchoWan  %«,  it  Is  fcnfibla  (6  Ihe  Smhpartdf  a  gMtii*.  ..■.M>,q -■ 
Tlwonel  hav*,  IfKwgli  ils  «em  be  flender,  ii  fcarcely  rertfiWe  "  ;/,',^'"''/ 
to  lefi  than  (wo  or  three  ttventieih^  o(  a  gnin. 

The  wwit  of  fenlibilitjr  in  ihe  gravimetei  arifcs,  in  a  gteri  ^  ' ,  ' 

meafurei  ilu>iigh  not  entirely,  from  a  certain  depec  of  (enaotj 
lubriBing^sroong  tiic  particle*  ol  ihe  fluid;  and  any  thing  IhaC 
lends  to  uicrcale  (his  (emciiy,  mull,  i»  (he  feDid  pioporlionj 
augmeot  ibiiwuni  of  fenfibiliiy. 

To  afcertain  whether  any  (enOble  change  in  the  tenacllj  or  ft  mTt  vxt  fefl 
flaidity  accompanies  (he  cxpanfion  ot  water  by  cold,  which  the  "  """»  "^ 
IbeoT)'  cequircii,  1  examined  the  ,mobiltIy  of  ihu  inftninnnit 
when  innnetfed  in  water  at  different  temperaliirtfi,  I  fiffl 
plunged  It  intii  (his  fluid,  heated  to  between  GO*  and  70". 
Under  due  loading,  which  funk  it  to  the  mark  en  Ihefiem, 
it  wat  nol  fenfible  to  a  weight  Icfs  ibon  two  or  three  tneu- 
tieih*  oi  a  grain. 

I  then  tried  it  in  ice-cold  water,  and  found  thai  its  feliltbiFtty 
was  in  no  pwcepiiHe  degree  impaired.     The  coldneft  of  the  iJ^^ijiiJ^ 
water,  it  mufl  be  reniL-nibered,  caufes  fome  degree  ot  conlrac.  4 

■ion  of  tho  g[avimeCei>.     Thii  coniraSion  cannot  (ait  In  render  ',M<r^ 

tbeinAtoinent  in  Ibiiie  fniall  meafure  more  fciifible,  and,  fofar  .--jat^ 
OS  it  goes,  loeounlerafl  ihe  (luggilhiiefs  produced  by  anjr  i»>  '  ""'■  "*** 
creal'ed  tenacity  In  the  lluid.  i       - 

..  '  But  as  the  bo'ly  ol  the  inflruTcent  is  made  of  glati,  thfrWhcanifa 
■mount  of  the  coniraflion  mud  be  very  fmall,  a""* 'be  change  ^J^^^^"^^^ 
of . l)Miibili(y  ariCng  frofn  it  to  very  trifling,  as  certainly  by  nt)  ii  not  lenfiblj 
<ineanit«  oblcure  luchanelfcfi  aian  increafe  of  tenacity  would'  ^^ 
occa(ion.    I  ilietelorc  wilh  fome  confidence  conclude,  thai  the 
Diijdily  of  ihe  water  is  not   fenflbly  dlminiflied,  and  con- 
.  fequenlty  that  the  polarity  has  not  begun  to  exert  any  fenfibfe 
trrtucnoe;  it  can  Icarcety,  IbcTCfbre,  be  accounted  tho  caufe 
,     ni  Ihe  Uilulalton. 

•  Perh3|)i  the  diS«rence  of  lenlibility  in  my  inftrument,  and  that 
of  (be  learned   Praftfrir,    itiay  have  arifrn  from  a  dill^Bce  of  ' 

Itie  diameters  of  the  ^ms.     Mine  was  of  onc-fonteth  of  in  inch,        ,--tH^aa 
It  wM  well  rubbed  with  a  cUnti  linen  clotb,  which  rendered  Aa    l  '  'i<!iliw[ 
iTurfacc  equally  rfirpo fed  either  to  defcend  or  rifcEnd;  and  ibe  tn.       -I'la*"*!) 
ftfutoent  was  ncl  jodgtd  lo  be  in  enuitibrio  with  the  Suid,  eHcept 
«lwn  the  Arfucc  about  the  Item  was  neither  {iromintnt  nor  J*, 
frcfled;    Hit  was  eifily  Known  hf  the  cefleAed  image  of  tbe 
timiom'fnae,  oro^rdbjeOibdilgAen  clofe  to  the  Aenkwidi. 
•ut  4illdh)on.— K. 

4  ANNOTATION, 


sir  tliirite      '  *  i^dbcsrnot Teem  to  me  that  Sir  Charles  Bhigden'sexplana^ 

BjjgdenS  the*y  tioh  does  heceflkrily  imply  that  the  fluidity  of  the  mafs  taken 

water^  heit     ^^  ^  whole,  fliould  be  fenfibly  hnpaired  when  tried  by  the  ap« 

4oes  not  fuppofe  plication  of  a  mechanicat  tcft.    It  might  be  impaired  in  the 

kfa  ftuid.^**^  ***  lame  manner  as  the  water  is  afflfeded  by  mixing  fmall  floatriig 

fragments  of  a  fofid  along  with  it.    When  a  fah'ne  folnlron 

which  would  become  folid  by  cold^  fach  for  exampfe  as  the 

fulphate  of  foda^  is  cooled  below  its  point  of  congelation,  the 

crydals  will  be  differently  formed  according  to  circumibnces. 

Inftance  of  cry-  If  the  fluid  be  gently  fhaken  or  made  to  ofciHate,  a  (hower  of 

ftdWMtiondif.    minute  cryftals  will  gradually  fell  through  the  fluid ;  and  the 

ttfiiTiiinPi"^^*'  whole  niafs  will  be  a  coiifiderable  time  before  the  eryflalfiza- 

tion  is  finidied ;  but  if^  inflead  of  this  method  of  agitations 

the  glafs  be  fcratched  by  a  quilI  underneath  the  fluid,  in  Sir 

Charles  Blagden's  way,  or  if  a  fmall  inflmment,  having  a 

crydal  of  the  fait  adhering  to  it,  be  dipped  into  the  folution, 

the  cryfials  will  radiate  with  great  rapidity  firom  that  centre  of 

perturbation,  and  in  a  few  feconds  the  whole  of  the  fofolion 

WbMcctiii      will  become  rigid.     This  common  and  very  flriking  experv 

««4e^»'^'J**' inent  of  chemical  fednrers,  fecms  to  me  to  indicate  at  leaff  a 

water'br«>*<i     poflibilify  that  fmall  cryfhils  of  ice  may  be  formed  and  float 

may  arifc  from    dilHn6tly  from  each  other  in  water,  at  40  degrees  and  lower : 

^^\c^^inlhc  '    ^"^  ^  ^*^*'*^  ^^^  metals  afford  us  a  number  of  inflances  in  whidi 
fluid.  a  conlidcrable  interval  of  temperature  is  found  to  be  between 

the  commencement  of  cryflalllzation  and  the  folidification  of 
the  whole  mafs.     In  pewterers  folder  the  interval  is  not  lefs 
than  40  degrees.     This  hypothecs  of  fuch  dinemtnated  parti- 
cles of  ice,  wliich  feems  to  be  nothing  more  than  an  expretfion 
of  Sir  Charles  Blagden's  tiieory  in  different  words,  will  explain 
why.  the  colder  water  (hould  be  lighter ; — namely,  becaofe  it 
niufl  contain  more  ice,  and  alfo  why  the  expanfion  ought  not 
to  begin  but  at  fome  delinite  temperature. 
Amcafureof         Though   it  does  not  appear  to  me  that  the  theory  of  Sir 
the  t'Tcatcr  or      Charles  mull  neceHTarily  imply  a  change  in  the  mechanical  re- 
l^if<.*is vcr^'     fiilance  of  water  from  what  may  be  called  rigidity;  yet  there 
dcfirablc.  are  many  other  reafons  why  philofophers  (hould  be  dellrous  of 

meafuring  the  variations  of  fluidity  in  bodies :  that  is  to  fay, 
the  greater  or  lefs  facility  with  which  their  parts  are  moved 
Dr.  Hope's  tri.»t  amongll  each  other.    The  ingenious  attempt  of  Dr.  Hope  to 
may  be  ni'^dihc4  -fccriaiB  this  iVom  the  rciifiance  made  by  a  fluid  to  the  pcrfo. 

F^bubly  by  .  ^^^.^^ 


■i 


aOKtSAQTIOir  DV  WA-fX«   BT  fMAT.  VQ] 

ration  or  its  furracc  by«  cfltnd/ioalfolkl,  is  liable  lo  llie  ob- tlunec  «i  di, 
jv^tw.tJtMU  lijppol'eitJieaUraSioo  or  repulfi^n  between  ihe'^i'^^*^^^ 
((jjirf  and-  the  ituid  ip  remain  ondianged  by  varialions  of  tcm;  ihe  mqw  Mid  .^ 
peratufe;-  whereas  ihe  cooirary  feeoij  piofi  probable.  ,  T'^C™t^l«w^ 
4<»^or'ii  ex{>«f((cciit  itiufl  be  groutidod  upon  a  poUlion  ibRt  ihe         -  .^.^ 
greatec  ibe  deprefiioo  ox  ihe  greater  ihe  elevation  of  a  fljjid        -irfi  J* 
round  a  fmall  cjlinijer  partly  imrnprrcd  in  it,  the  greater  mull  *^"*  ■ 

be  Ihe  reCflance  from  impcrfea  auidily,     Bui  liiefe effefls  are 
evidenlly  as  inucli  governed  by  ibe  allraftion  or  repullion  of 
Ihefoiid  with  regard  to  tlie  iluidas  by  the  refllUnce  wliich  'ihe 
^xperimeiils art;  intended  to  meaCurc.    I  bavefomcwhere  read  Wita  tlocti 
that  water  clocks  and  other  innrumeots  for  meafuring  ^'"^'^.navitiititM 
ty  lliejwlTage  of  water  through  fmall  holei.  go  flower  in  cold  »««t>"i  »«" 
w«atiier,    Thjt  may  arife  from  cunlracliaii  ot  ihe  hole,  though  "  \^,  ^uiT^ 
tsty  author afciibcs  it  to  inipcrfeft  fluidity.     After  Tome  medt- 
(aljoti  on  this  problem  it  llilt  appears  lo  me  to  be  fiitrounded 
Willi  dilliinilties,     Peihap*  it  may  be  one  of  Ihe  bed  methods 
to  .fulTcr  the  fluid  to  drop  from  a  capillary  fyphon  in  different 
ieoiperi] tares.     I  am  dilpol'eil  to  think  that  the  drops  would  be  SuppoCiion  th 
fmailelland  the  whole  iiiianiity  in  a  given  lime  gieateft  wh^o^""]'"'"'""' 
the  fluidity  was  the  moll  perfect,  or  at  leaA  when  the  sdbefionpiniryniktwh 
of  the  parlicles  of  llic  fluid  to  each  other  was  the  leal!.      But  jf  ""  ■"*  ■ ' 
even  here  the  attraflioii  of  l|ie  fmail  cupillaty  extremity  oi"  ihe     '  ' 
lube  from  which  the  drop  would  fall  would  rcijuire  lu  be  coii' 
fidercd;  and  on  thr«  account  the  meihod  would  be  preferable 
(if  fo)  lo  Di.  Hope's  only  becaute  Ihe  repetition  of  9.  great 
number  of  drops  or  ciiianiily  of  effluent  water  would  give  it 

.  greater  degree  of  precilion  to  the  refult. 

Ii  it  hkcly  ibat  the  rope  pump  turned  regularly  a  certain  Will  die  rope 
niinibetof  turns  in  a  given  lime  would  raife  more  wai^r  when  P.™P    "".'. 

•  (.-oltUdl  and  leall  fluid?  If  it  did  not  might  we  not  infer  thai  tennicyor  flu 
llie  fluidity  ot  water  is  not  fcnfiblyBfleded  by  change  of  tem- [""''y  *'"'=' 

/  '  '  "  ll«  oi  colli  t 
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01(/^rvatiofu  on  Turf,  from  the  Gcrmaa  ^jMScgot  fur  aDo 

SlXOd,      ir^DoCTO&  COLLEVBUSCU. 

JIT  I  j  not  very  probable  that  a  roan  placed  befidt  a  foi^taiir 

of  pure  water  Qiould  fuffer  him&If  to  die  of  thirft  through  neg- 

]e&  of  ufiog  it»  or  poflllDiig  food  in  abundance,  (hould  not 

appeafehts  hunger  wilhil;  never thelcQ  inflauces  of  Uiis  kind 

are  not  wanting. 

Wood  ftid  very     Every  one  complains  in  Germany  of  the  fcarcity  of  wood 

UATtt  in  Cer-     fof  [^^1.     It  is  known  that  fubflauces  have  been  found  in  other 

Other  matter     places  which  can  fupply  its  place,  and  tliat  they  have  been 

may  be  fubfti*    formerly  ufed  here;  but  all  this  cannot  induce  any  one  to  fearct) 

luted  for  iu        f^^  ^^^j^ 

Vofimuided  ^^  >*  eafily  conceived  that  proprii;tor<i  of  woods,  through  the 

prejudices  pre-    fear  of  having  their  profits  diminished,  fliould  endeavour  to 
taif  fvU^      perpetuate  ancient  prejudices,  and  to  extend  the  opinion  that 
^  .the  plague  only  ceafed  its  ravages  (ince  the  ofe  of  turf  for  fuel 

has  been  dilconlinued;  but  it  is  difficult  to  imagine  that  magii^ 
trates  inflead  of  encouraging  the  preparation  uf  this  fuel,  (hould 
endeavour  to  prevent  thofe  from  doing  fof  who  wiihed  to  en- 
gage in  it. 
Ufcd  in  Gcr-         ^^  **  ^^^y  '""'^^^y  ^^^^t  the  difcovery  of  the  ufe  of  turf  as  a 
nMnffrom  the  combuftible  was  firfl  due  to  chance;  and  belides  the  ufe  of 
m^  renott  fo^  jj^j^  j-^^j  -^^  Germany  has  been  continued  from  periods  more  re- 

iholc  tlmn  any  written  documents  extend  to. 
Vatious  trrimtr     ^^^  principal  caufes  which  have  prevented  the  fearch  aAer 
wtigiifipoM      turf,  are  the  erroneous  opinions  which  have  been  formed  of 
J!!3Sf^n^^^   itie  manner  in  whlcli  it  has  been  produced,  of  its  preparation^ 
uiie.  and  its  ufe ;  fome  of  which  arc  as  follow* 

iftThjt  t  rf  '  Some  think,  for  example^  tflat  turf  has  been  formed  at  the 
fmund  in  reins  moment  of  the  crealiony  fifch  as  it  Is  now  found  in  the  earth. 
Jike  metils.^       j^jjj  (j,3j  there  are  veins  of  turf,  as  there  are  of  iron,  coppefj 

(in,  and  other  metaYs ;  but  experience  proves  the  fklfity  of  this 
^  '  .  '  opinion,  for  there  is  fou^d  in  ATmoft  all  parts  of  Germany  turf 

covered  with  mpre  oflefs  torfh,  {If  only  a  proper  fearch  be 
.  .    njia^^for  it)  bcn^»ith'wnidhlayersr  of  trees  may  be  fecn,  which 

proves  ihavthcrc  fLrmorly  v^'^tfre  foitAsm  the  fsl'uie  places. 

Others 
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Olher*  believe  thai  U  llie  limp  of  the  deluge  vafl  forefli  weie  ^"l  Thit  it  wu 
overthrown,  and  arierwatds  <:(«*red  with  herbi,  re«di,  and  dduj.,. 
'  other  plftn(!f  and  liiai  iheli:  vegaublcf  liaving  toIKkI  by  de? 
gfees,  hecAtifii  at  tail  ihi*  black  coniluiflible  maft  rcfcmWJng 
earlh,  wiiich  mud  h^vc  rn^uircd  an  enormous  cjuanlily  olve» 
getuble*,  an  plains  of  many  Wf^uei  rc|uu>c  are  I'oun'l  covel^ 
with  bedi  ul'  it  lu  llii:  (fq>ih  of  raurc  thati  2i  feet,  benesUi  ' 

which  treoi  are  dift-ovcrtd  of  great  faudncf!',  and  aimoU  pe-. 
tiified. 

Others  imagine  that  it  i;  more  probable  that  ihc  Tea  tranfport- 3<i  Thit  it  wu 
ed  the  matcfial^  of  liic  lurf  from  the  weiiem  tountries  to  the  H.^'f^'^'^ 
eaftern,  and  covfred  with  Ihcoi  Uie   trees  which  arc  found  ircft.  ^ 

buri^  beneath  llie  turf.  It  is  very  Irne,  that  llicfe  trees  hav« 
their  rftot*  turned  umards  ihe  >vcfl,  and  their  heads  to  tiie  eafl,  ' 

fiut  then  ii  is  difficult  tii  explain  how  ihii  fubfhnce  could  be 
carried  tocouivtriej  dillani  Irom  the  fea,  and  even  to  ilie  tupt 
iof  the  higheil  mountains  iu  upper  Saxony,  oh  the  firot^M otKi 
the  .Ifpf.  :  * 

Many'  perfons  are  of  opinion  that  torrents  and  rfvers  have  4th  That  it  inf 
tftawti  together  and  depoftlcd  leave*  and  branches  of  tree)  on  *^^'^  *™"i  ♦ 
Ihe  ,  lew  grounds,  and  that  1  hey  have  thus  accumulated  the 
««Brtiluent  Wemenls  of  Ihe  turl";  but  this  cannot  take  place  in 
eoonlrieo  in  which  no  Targe  rivert  are  found,  nor  on  high 
-laourilains.     The  roicrofcope  clearly  (bcw)  that  turf,  efpecially  Th;  mlcrahope 
-tJial  kind  which  U  from  llie  furtace  of  the  earth,  ii  compored  *J""  "  '°"**  ' 
of  roolTe*,  4ierbi,  rulbes,  and  other  vegetables,  and  iheir  rooli^  yi  $ttB.  i 

Tirongly  in.srlaccd,  of  which  Ihe  greatcll  part  it  changed  ir)l« 

Paper  has  a^ually  been  compofed  from  turf,  and  the  water  P«perifuJi*««i 
■whidi  has  lelited  in  turbaries  is   ufed  lo  Ian  leather,  which  J'^*^  "1 
■proves  that  it  is  principally  compofed  of  vegetables.     Chemi-hatn.    sfTT^,  » 
caj,  refearche?  have  alfo  ditcomed  in  it  a  mineral  re£n  which 
■prfndpally  pninioles  its  fwtobuAibtllly.      It  appertains  then  -<^Tfti 

partly  to  the  vegelable,  and  partly  lo  the  mineral kiugtloai.  ,,...  .. 

■Turf  may  bo  produced  artificially,  by  digging  Ireoches  6_  Turf  pndvwl 
feel  deep,  and  from  1 5  to  20  fwi  fquare ;  the  trenches  become  finlli^"'dl,^-* 
'fillpdwithwaler,  and  produce  the firft  year  agreenflimy  moO,  wide  tr«iitli«», 
the  lecond  year  thif  molfy  vegetetioB  covets  (he  water  10  the  "'"''  ?"  "'*'' 
height  of  two  teel,  and  a  great  quanliiy  of  filirnenls  are  dis- 
covered in  it  mixed  with  leaves  and  flower*,  in  the  third  year 
s  JlraUiis  it  e&abliflted,  wlricli  atttafls  the  daft  and  the  feedi 
which 


frfiicHftoU'&i^Uf.iaiir  engender^  qftiilrffiyQf  f^rSi  fiii^ 
of  mem,  and  oflietbs,  «4hicli  ifrefbTifrti  Ttiaf  benMnrti  Totie^ 
that  they  (all  to  Ihc  bottom.  Ih^y  iben  bwoiiie  comprelfei 
there,  and  by  luecTllive  rq^cliligns  of  this  operation;  all  ihe 
frendi  becomes  Alltrd  up  in  the  courre  of  30  yein;  howtv-ec 
*b«  turf  wouU  pruhably  ccqnirc  100  years  before  it  WooU 
equal  ihu  ancient  lurf. 
ftuee  ^icctw  of  Although  lhi»  turf  U  always  (he  fame  in  iliconfiituent  pArU, 
■'•  it  nevenhelcri  difTcr^  in  having  there  patia  varioofly  loTxeJ, 

which  occafionn  tii  being  divided  into  three  fpKict.  Thfe 
tit  The  (iufK«  fi'<l  comprelicnds  ihc  Jhrfacc  lurf,  and  is  the  mofi  commott 
»>"£■  Und  ;  it  is  found  almod  every  where  [  but  it  canlaint  in  fotne 

places  more  combufiible  mailer,  which  make»  ii5  coloar  «iry. 
Foana  whtrtYcrThis  fjwciei  li  always  fore  to  be  found  wherever  places  ai* 
mi"  m'STAT  d'fcovered  where  Ihe  water  ftagiiates,  whether  on  plain.,  d*- 
wiik  fitei)s,       vationi,  or  dedivilies,  in  fuch  a  manner  a;  10  furm  «  Ibicfc 
blueilli  crult,  and  depojils  a  yellow  mud;  or  where  the  foiln 
covered  with  roofa,   reed',  rolhes,  or  ridges;   and  if  at  lh« 
laDi«  lime  (lie  feet  of  the  paQenger  link)  into  the  loofe  foil,  fl' 
■Bd  where  tree*  the  earth  bends  benealli  iii*  feel;  if  (rcesare  perceived  (which 
eomrdwiih       ajc  commonly  lillle  pines  or  fir  trees,  or  fomelimes  otherkin^ 
^^M^^i^c^f  t'«%)  '=«'"=red  with  much  mofs,  mdlned  to  one  fide,  and 
Vint.  half  rooted  upalthe  other  by  (he  wind  ;  in  all  thefe  placet  (aif 

will  be  found  near  the  furface,  and  it  is  only  neceltary  to  re- 
move the  fod  to  perceive  it.     But  this  operation  may  be  per* 
formed  mure  quickly  and  cafily  with  the  EngllQi  borer,  wbid 
alfu  will  Ihew  ihc  depth  of  ihc  bed. 
To  pBKure  it         To  procure  the  lurt,  iIjc  water  (lioold  be  drained  off,  tt^ncb 
•bvwMsr  Antid  j,  (^(y  ,o  ^q  {f  ly,^  country  ii  elevated  or  has  vallej-n  in  it*  vU 
'  '    dnity ;  but  the  operation   ii  more  cliOicult  wlien  the  earth  k 
level.    A>  peilons  arii  riot  always  to  be  found  capable  of  lati* 
ing  Ihe  levels  ol  gtound,  ihe  places  lliould  be  remarked  where 
the  water Icitled  In  fpriflg  wlita  the  fnow  melts;  ibcfe  placs 
Kify  method  ai'  lliould  be  marked  by  liakes,  uiid  afterwards  the  trench^  IhouU 
Ming  the  ie^  bc  made  lu  pals  (his  way  which  ue  to  be  dug,  to  lei  the  walec 

Heih»J  of  pre.      I"*)  ^u^  'he  tHrf  an  iron  fpadc  is  ufed,  which  fliould  be  ttct 

'^pfting  tilt  (uc-  ther  round  nor  pointed,  but  terminating  in  a  Umight  lirie'j 

f«etmf.  iirisflM(,uldbefdreiVtdduwnB*farforwards  a*  pollible,  alo«j 

the  Qde  of  a  ftietched  cord,  by  ■  line  1  -1  inches  long  and  iix 

broad  ;  (he  detached  part  is  fcpanicd  from  tbe  depth  oP  (hrw 

inches 


inches  ftt  twoArakeiaf  the  fpade.  lo  thelengthor  leiocliUt 
anil  4|  iDcbet  btoad,  and  iht)  piece  oi  luif  u  afterward  dii- 
vidcd  in  two. 

in  order  (hat  Ibe  pieces  of  turf  may  dry  quickly,  ihey  (bouid  McijuhI  of  dty- 
be  placed  on  pbiik^i  and  difpufed  lo  Ihal  (he  air  luigbt  ficely  '"^  "' 
ciiculate  betwet-n  Uiem,  anil  tlial  lliey  could  receive  Ihe  ray:  af 

When  the  turf  U  thus  dried  lo  a  certain,  degree,  it  is  placed  ShmjldoMW^ 
tinder  Ibeds  lo  coinpleat  the  drying  j  for  if  il  vagi  expofed  lo  in'iiit*?uft.     ■' 
(he  run  (ill  it  was  entirely  dry,  i(  would  lofe  io  flrenglh  mmI 
burn  like  lltaw. 

It  is  alfo  di&dvanlageous  lo  cut  a  large  provifion  ef  it  for  "r  ktpt  ibo  ', 
many  yea«,  lot  tJie  lall  made  ii  alivays  iliebefl.     The  upper  Upj^^.^jij,^ 
and  lower  beds  arc  alb  obferved  lo  be  of  inferior  qualily  |v  bcdi  of  it  the ; 
ihofe  in  the  mnift  ;  liie  btU  torf  is  that  of  a  brown  colour  in-  2^^;^  j,j^ 
dining  lo  black,  ii  heavy,  and  its  lexture  is  Iravciled  byabiawnwd 
I'raall  quantity  ot  loots;  this  kind  produces  a  flrongand  Ulting  *'""''* 
'  tire,  and  its  fmell  is  very  (uppoilable.     The  more  it  is  of  a  Bright  btown  ot 
bright  brown  colour,  ihcgreaier  uuraberof  roots  in  it,  and  the"  "     *"  "" 
lighler  il  in,  the  woifcis  jO  (jualit).     This  fort  confumcs  rnwc 
^teixlily,  and  may  fcive  to  advantage  wheru  a  quick  fire  is 
wanted',  itsodour.  it  is  true,  is  very  difagreeable,  but  itsaOjei 
«rc  excellent.  ' 

The  tati  which  inclines  to  a  ijrey  or  yellow  coloor,   and  '^"^ '"  y*""" 
which  it  mixed  with  reed,  is  always  the  worft  fort,  but  always 
good  enough  to  heal  kilns  or  oven<,  and  its  alhes  are  good; 
ihis  fpecies  is  feidom  found  below  the  depth  of  two  tUi  [  it  is 
reproduced  alter  feveral  years. 

,  The  fecond fpccic)  o|  \ui(  li  the  crumbling  tu>f(iitotier-tor/j,Uami  ffvia, 
Ihis  kind  is  found  more  abundantly  in  Holland;  its  cutting  and  j'"-*™"''''"*"  ' 
p(e|)ara(ion  require  much  moru  pains  than  the  furfacu  (urf. 

The  third  fpecies.  or  the  mountain  (uif,  is  dug  up  Jrom  pits  TKird  f|tcciM, 
and  galleries,  and  is  reduced  to  regnlai  forini  bke  the  preced- ''"' ""'""^'' 
ing  kind.  ,    . 

1(  iji  objcfted  to  tba  aft  of  turf  llial  it  cannot  bo  employdd  Wood  not  !»• 
as  a  fublluulefor  wood  in  all  the  places  where  wood  ii  burned;  P" '«''«''» 
but  it  fhould  not  be  lorgotlcn  that  wood  ilfelf  is  not  fit  kit  every  lY^n  wif. 
work  wiiRre  fin;  is  required;  that  in  oid«r  lo  ije  employed  in 
Jounderies  il  mufl  he  chaired  wiili  much  trouble,,  and  with  a 
JQfs.fif,  twp  (hifdt  .of  ifs_i^-eighl,  and  H'al  wood  af  well  m  tuifi 
]Mi^  <4j^f«£A>1Uft''^'<>*Mit>'^''*^*^  diSecunt  circus. 

^m      '  Turf 


A 


^0  ArrtfrTfitor  ««itnri6t(i»'t;As>4. 

"^61,?-  *4r.it  may  be  .educed  l»  chtrciwl,  andwflllhys  ft»W*far4*vt.T 

!•  *»*«">J -itofc  whicli  .equire**»ei  Mri  iiiittiw<»ftte'ywM<'i»>lti»fH*Wl 

■■""■"'^"'''-librfeDoke.     Tbe-tnow  ftronglytlw  l«f  i»'«nop»«*d***d« 

iMcwimnJzaiiiuH' t(i«flii>rQeMc)lent  14  ilie'Cb«r«B«l<  -'  ' 

M^tntta       -    Tocompearai«  fw  the  infeuorily  of  tovf  lo  wAod,  panting 

ftMttaenfeof  ji^,  i,  jj  j^ieri„j_  j,,   uf^  ^^j||    p(evcnl   (he  great  p<it*  •rtidi 

-will  olhemile  necolTarily  be  paid  li«e»flerforiimbw  fortjoild- 

ing,  anLwill  admit  of  Ibe  wood  land  facing  prftpod  tonal)  )"»■ 

OUagu.  &c.  duced;  tlic  plaoes  aifo  where  tht  furlaceiu()lia»l*«nilug'ii^, 

™tr^it^h^  if  il  kai  not  been  from  ti»  gimi  a  dcpih,  may  fetw  for  feff- 

bcm  citnaciL   ation*  wherein  lo  plant  CQtibo^s,  beeK,  and  madder,  orib«y 

111  ufc)dmi»«f  will  fcnre  Ibrfini  pondn.     The  ufe  of  l«rf  will  adinil  af  iMb 

^ufktoHu    Biiltipliwon  of  matmlaflorie*  which  ufe  fire,  of  mine*  and 

wbotfiieii       lorges;  aged  perfons  and  children  may  be  employed   in<pvt> 

''^*'  paring  ><  t  >"'  "'^^  '^""  *  $°^  manare,  and  the  moiiM  Mkid) 

^     i  i^llt  foxD  it  may  eaC)jr-be  convened  into  oftia. 


,t,„^  ■-■    ■■     ■     .  'X.'  ■■   ■   ■■■'■■■  ■  -i=  <*" 

'-jnHinlr-j''"""  .-^1      J'     ■  ■ --     i-^    ]:ii;  c.iT 

*       ^^  .  ^j^^p^nnKoti  on  ihe  rmuakaUe  F^tai  vAick  takt  yJ«e  ^^jlk 

^^/j^.Jy.CAcus'-  in  llKir.HabiUiUi,  or  rff^iM  ,4Ml««iMb 

**  Jt^^*     ia  a.JUlKv /tvM  Ute  AmJxir.  .,  .   j,.;,r..ow^ 

■  ,  -,  .lL„t.  ■tlai 

To  Mr.  NICHOLSON. 

Dcvonjhire  SiTUi,  Porittatdf 
SIR,  /)«.  17,  1303.  '    ^ 

Theiadan'i  :1T  wis  my  intenlinn  to  Inve  pnllponed  irotthting  you- 
ra^  /w^«rty  j^  following  esperimOiiU  upon  the  condenfalionol'rtwgaailfc 
□nlU  1  had  brought  litem  to  a  greater  degree  of  .{MrfedKli't: 
^dI  being  informed  that  leveral  of  (hem  have  already;  1^ 
neanc  of  whic:b  I  nm  ignomnt,  and  ptobably  in  a  mill  ~ 
faie,  found  ilnjir  way  lo  tlw  prels,  any  fvllter  ^«lBy4eeill| 
improper.  If  then  you  deem  (hie  fHcfenl  coiMBttii 
vronhy  «  plage  in  your  mf«icfling  Journal,  ft  ii  fcBli^yM 
-you  (iHvioe.  .■:  ij^ii.i./- 


•i,'Jlt<lt^4  ^K  *f9  wxvtni  u>  nc,  th^l  Ute  varioat  aSoilie)  Hii  fv^^on  : 
;  whiohitakfl  plKt  •mong  (l>e  gsfea  Modat  the  common  preOiwe  ||jiVf7h!*tf' 
ofthealmorphere,  would  undergo  confkd«r>bIe  alteration  bj' would  be 
tbe  ioQuciKSot',  condanlatioii  and  dw  fucced  allwdinf  ibe '•""K't^r 
TM^/nu .  method  adopted  by  I  be  Frercii  ctiamlfls,  wUcIi  via.       ''      °' 
lence  did  oot  appear  in  me  r«qailite,  eS'i>ided  additional  en- 
tioaragenjeu  U>  ray  uadertaking  fonie  esperimenU  upon  tha       -tuiaxU 

fubjea.  "■  '"-■"^ 

:  I  communicaled  <kii  lo  the  late  diemical  operator  in  the 
Koyal  Inniluiioi),  a  gcnlleman  eminenLly  coiiv«rlant  in  tbe 
^e;ice,  and  will)  whom  1  was  then  enf^aged  in  a  fetieEal 
«x|»eriaieni( :  lie  nut  only  approved  ul'my  deftgili  but  iMmed 
i»Oi,tl>uil(  it  not  Iniprubable  Lbat  an  exjcniive  field  night  ihui 
in  »petiwl  lo  future  dilcoveriet.  Wliulher  ihefe  opiniouBate 
jttfily  lounded,  is  nuiv  letl  lor  you.  Sir*  and  the  public  to 
judge. 

in  ealerinK  upon  a  field  eotir&ly  new,  oLRacl^  wen  *rDifficaltici  of 
courfe  lo  be  expcQed:  nor  without  rearuoi  for  though  i  bad  '<>«  undctukii 
applied  lo  oni:  of  the  rood  eminent  philorophical  in(irumenl-^^jj_  * 
Makers  in  London,  Mr.  Cuihberlfon.  yet  I  began  lo  fear, 
even  al  tlie  ouifel,  that  his  tkWl  would  be  fet  at  defiance. 
The  lirl)  inAruments  which  he  made   for  the  prcfent  purpofe  CondcnSnc 
Were,    a  brafa  condenfin^-purap,    wilh   a  lateral  fpring  for  pump-  J 

.llie  adiniDion  of  (he  gas  by  means  of  fiop-cock  and  bladder ; 
rwo  pear-Diaped  receivtrs,  one  of  melal  of  the  capacity  ofjijcj]„„,       ■ 
fcven  cubic  inches,  and  another  of  glafs  of  about  thrue  and  a 
lialf:  Ihefe  were  connected  by  a  brafi  llop-cock,  having  a 
Itrew  al  each  end.     The  metallic  receiver  wai  foon  found  to  Virigui  ai^e-  J 
be  of  little  or  no  Ulihlyi  ai  welt  on  account  of  its  liability  toO°'"- 
"be  oAed  upon  by  the  generated  acids ;  its  being  too  capacious, 
and  thus  conUiniJng  too  lurge  a  quantity  of  gan :  as  becaufo, 
-though  the  refiilt  of  an  experiment  might  thus  be  known,  yet 
(he  change)  which  the  fubjefls  might  undergo  would  necef- 
farily  efcapc  obfotvation.      Tlie  glafs  receiver  obvtaled  -nil  r 

tbefa  diHicuUieij  and  one  or  two  impcriefi  experiuienU  wei^ 
parforatcd  with  it;  but  the  tlop-cock  fpeedily  failed  in  its  \ 

ti^^.i  Fur  the  power  of  the  comprefled  gafes  wot  fo  grealt 
palely  fioio  Iheir  elaliicity,  and  partly  (wbcre  afliniliet  |iad  ' 

.uperate4)  froip  their  corrofive  quality,  a^  abfolulely  lo  war  a 
channel  in  the  meul  of  which  the  plug  was  matla,  Aniilhyi 
,•    V'pL.  XI!.— SuppLiKlNr.  Bb  I* 
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to  eSeA  their  efcape.  But  not  4o  trouUfl  ^jrou  tay  tetlicr 
With  the  obAacks  (Kat  occorrad,  and  which  ue  ^neatiomed 
only  to  prevent  unneceflary  expence  to  others)  I  hsve  4t  laSt^ 
by  Mr.  Cuthbertfon's  aflliftance,  procured  «  conAediBg^obeii 
to  which  a  fpring- valve  is  adapted  that  has  hitherto  anfwered 
every  purpofe.  See  Plate  XIF.  Fig'.  2,  3,  4-,  5,  (5. 
Inftramentt  The  indfuments  which  I  now  u4e>  -are/  1(1,  ABexhwiBing 

iio^fed  by  the  (yj inge ;  2d.  A  condenling-pump,  wiili  two  lateral  fpringafeff 
Pump*  different  gafea;  3 J.  The  conneAing  fpring-valve ;  end  laftly» 

glafs  receivers^  which  (hould  have  been  ef  various  fiae««  but 
the  one  mentioned  above  having  burd,  that  whioh  I  have 
GUIs  leceiver.    principally  ufed  in  the  blowing  experiinents,  is  of  about  fife 
cubic  inches  and  a  quarter  in  capacity^  and  made  of  glafs  woU 
annealed  and  a  qoarter  oF  an  inch  in  thicknefs.     Beiides  thefe 
indniment^,  I   have  occafionally  applied  Mr.  Cuftkbertfon's 
Syphoagage.      double  fyphon-gage  (See  Fig,  6),  by  which  the  nnoiber  of 
atmofpheres  condenfed  in  the  receiver,  or  raifaer  the  daftic 
power  of  the  gafet,  may  be  meafured ;  but  this  is  rendeied 
of  lefs  fervice^  becaufe  a  flop-cock  mud  then  be  placed  be* 
tvreen  the  receiver  and  fpring- valve,  which  frequently  impuirs 
the  whole  experiment ;  and  alfo  becaufe,  after  a  certaia  de^ 
gree  of  condenfation,  and  more  particularly  upon  the  admix- 
ture of  the  gafe5,  new  affinities  nfually  take  place,  which  tend 
Sighteen  at-       to  diminifli  the  eiafliciiy  :  the  greated  number  of  atosofpheres 
mofpbciRs  niy  gagg  jj^jj  ^^^  meafured,  is  eighteen.     Thefe,  Sir,  with 

^fnrjt«i«w»»  fonae  bladders  and  dop-coc-ks,  various  iron  fcrew-keys,  and  a 
wooden  guard  for  the  legs  in  cjtfe  of  burding,  conditnte  the 
principal  part  of  the  reqaitite  apparatus. 

I  now  proceed  to  the  experiments,  premiling  that  the  drft 
four  were  made  with  the  imperfe^  apparatus,  when  the  gas 
was  continually  making  its  efcape  through  thedop-o0Gk« 

Experiment  !• 

Exp.  I.  Hidro-  Into  the  glafs  receiver,  of  three  cubic  inches  and  a  half 
g^,  oKigen,  capacity,  were  coniprelTed  in  the  following  order  :•  Hidrogen, 
gave  water,  and  two  (wine)  pints  ;  oxigen,  two  pints  ;  nitrogen,  two  pints.* 
probably  nitrous  fhe  refult  was,  water  wliidi  bedewed  the  infide  of  tl>«  re* 
ceiver ;  white  floating  vapours  (probably  the  gafeoas  oxide 

•  Thefe  gafet  therefore  occupied  about  Ave  times  the  capacity 
they  wcrt  condenfed  into.— N, 


ef  nitrogen)  f  and  nn  acid  fthich  rwMcned  litmus  inper,   Mr. 

Aacam  wanprerent  ai  this  eMpcrimenr,  and  frein  his  opinion,  * 

U-w^ll  ai  from  fun-ceding;  i-x  peri  men  Is,  I  liave  leafoD  lo  think  ' 

thU  tliic  acid  is  llie  nitric.  ' 

Sxpcimtal  11. 

.  AftftdifiefenceoF  Brranp-mi'nl  in  the  order  of  the  gafeiEip.  i.  Tb« 
tends  confiderably  to  vaty  i)n-  rdult,  I  rrpealed  the  former  ^^^''^^  g^     , 
expecimetit  (having  firfi  poured  s  liltle  limc-waler  into  the  ' 

receiver]  by  injeeling  firfi  ihc  oxigiMi,  about  lliree  pints,  then 
equal  quantities  of  hidrogcn  ard  iiitrogen.  Much  of  this  gas 
efcaped,  owing  lo  t!)c   impeilifdion  of  [lie  iiifirument ;    but  > 

upon  ihe  airi>finn  nf  (he  nitrof^er,  the  while  vapours  again 
appeared  in   the  receiver  j    waier  feemed   likewife   to  be  ■ 

dinned ;  and  fome  jellow  particles  werft  feen  Hoatfilfr  trpAn  -         • 

the  lime-uaier.  Thele  particles  probally  arofe  from  (he  re- 
tinom  hibllance,  ufed  in  (aliening  an  the  cap  of  the  leceivef, 
being  difTolved  by  the  nitrous  gas  lorrtned  during  con  den  Cation. 

-  I  would  joft  obferve,  thai  the  mfignet  jirmtd  (o  be  alftSed 
during  this  experiment ;  but  a:  ihure  is  iron  ufed  in  the  tifa- 
Citimi"lhts  m^  be  oiherwlfe  accuuiued  for. 

>.,'-.t  ,!  fi,"  '  EtptrimeiU  III, 

:  -Twb  pti(t»  of  carbonic  acid,  and  two  of  liidrogm,  were  Enp.  3.' C)»%i 
fobjefted  U>  cotidenfation.  The  rel'ull  was,  a  waiery  vapour,  ji^^/'i,**^ 
add  B  gas  of  rather  ofFenlive  fmell.  ^nd  ■  chuigi?^ 

Expert,,^  IV.  -    J 

"  ■  Trying  lo  inflame  phofpliorus  by  the  condenfation  of  al-  Eip.  4. 'Phot 
met^crteaif,  the  bottom  of  the  machine  (where  it  had  beenP^^||j'|?'""' 
repaired)  burfl  out  with  an  expIo(ian.     This  happened  when 
I  had  imraerfed  tlic  apparatus  in  water  lo  difcover  where  the 
air  efcaped.     Tlie  receiver  was  full  of  the  fume*  of  the  phol- 
phoru!,    which   was  itfelf  difpeifed  in  the  veffel  of  water.  * 

I  afterwardi  repealed  this  experiment  with  the  more  perfcft 
apparatus  but  I  could  hot  inflamt;  the  phofphotus,  and  the 
fumei  which  srole  al  (irft  foyr  dilappeared.  Tliere  was  juft 
Mwugh  acid  (probably  phofphofic)  fornicd  on  the  infide  of 
the  receiver  lo  tinge  litmus. 

B  b  2  '  Erperimtnt 


'. 


A 


Kip.  5.  Rcpc-  "  HftVJiift  liow  the  fprihg-valvc,  md  ii«w  recripw  of  6*6 
^'^"^J'P' '•cubic  inches  anrf  a  half  capacity",  (  poured  In  Itto  fcrujllw 
puKui.  orfulkilion  ul'  polafli,  and  i)icii  injeflcd  two  plnls  of  hiintgen; 

two  of  nitrogen,  and  Lfitiie  uf  oxigcn.  Tb'n  quantity  «at 
hmrd\y  luflicienl  tor  the  capacity  of  the  iccmer,  and  the  rv> 
Tult  wa<  onl^  a  rmi^ll  of  the  gafeous  irxicle  of  niirogen,  a  few 
yellowifti  fumcc,  and  fcirce  enough  acidity  lo  linge  the  edge 
of  the  ted  paper ;  of  cDurfe,  I  could  not  cffeS  the  formifioa 
of  nitrate  of  potath. 

Ejiptri/nciit  VI, 

t(p.  6.  Nltro-      I  now  determined  lo  begin  with  the  nitrogen,  which  a!. 

S°^h^ramo     *'y'  TP^""'*'  '*•  ™*  "*  undergo  the  uioft  important  cliemicaE 

and  oxifu.       changes,  and  theicfori:  inje3ed  two  pints  of  nilrogt^u,  three 

of  oxigen,  and  two  of  hidrogen.     Upon  llie  cundenloiion  of 

the  niltogeo,  it  fpeedily  aiTLinied  uii  orongc-red  colour,  wMcfa 

upon  the  accelhoii  ot  ihe  oxigen,  giddually  diminifhedi  and 

at  length  ditappearetl,  llwugh  at  fiiQ  it  feetned  xatlwr  deepei^ 

A  raoiJl  vapnui,  coaling  the  intide  of  ibo  rcccivei,  arufe  u^M 

the  compreSion  of  lli«  hydiogm,  wbicli  moifiure  wat  (Uongly 

scid  lo  the  laRe,  coloured  litmus,  and,  when  VCljtKUdl  dU 

luted  with  water,  acled  upou  litver.  ,.       ,{ 

Eip-irimenl.  VlT;  '     "'''  '*■'■" 

ttf  T-  The  Nearly  the  fame  as  the  lall,  but  with  difiercnl airapj^eraenL 
tune,  buniiffi(.-jT,e  njirogen,  ihiee  pitiis  and  a  half,  wat  liiil  introduced^ 
meat.  "^  Ihen  the  oxigen,  two  pint*  j  and  next  ihe  cxigen,  three  and 
a  half.  The  nitrogen  formed  the  otargf-icd  tolnur  ai  bcfMCi 
tbe  hidrogen  produced  kvhiie  clouds  ai  tirll  (i/mrre  ammonia  r] 
which  aUcrward*  difappcared,  and  the  oiange-red  colour  be- 
came ligliter;  but  upon  ihe  aifuGon  of  llu;  o\i(;tn,  ihe  (oloul 
did  not  difappear  ai  in  llie  lad  experiment,  hui,  if  aw\  ilim^, 
became  darker.  I  then  injt^cicd  iwo  pinl:  more  cl  hidiQgei;^ 
but  this  had  liltle  or  no  tfft&  upon  tlie  colour.  Some  \»pour 
was  geneialcd,  u  hich  was,  as  ufual,  lliongly  acid. 

Fipifmtnt  virr.  -  - 

SiB.  S.  Nitre-  **  Pievioui  lo  the  tuffting  of  ihe  fmal!  receiver,  f  baj  "Ayilk 
fcaomlitnc-    \i.%  ^ruple  of  lime,  and  condeufed  upon  it  ihr^e  jiiAB.V 

£itJjjiu^«gC»  One  fitifa  paiiof  a  piUTeiy  DCtrl]u»tl^i:^  ij'Ti* 
,Uio^i>    .  iiitiogco. 
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iiilrogen.  Tlie  tefult  woj,  »  IttUe  reddidi  colour  al  Cifl. 
wLicb  foon  vanilhed.  Upon  repeating  lhisexp«imml  i^^he 
larife  lec^'ivec,  I  could  produce  no  colout  «l  all.  In  my  |^n^  ' 
fail  llale  of  knowledge  1  am  uuobk  lo  at\:DHiil  for  llilicif* 
cumllancL' i  but  a«  fooii  as  I  get  my  new  rcccivcrsof  afoialler 
capadtj,  I  mean  to  repeat  the  experiment. 

Befidcs  Uic  above,  1  have  made  vanout  otlier  eiperiraenlt 
wilb  different  ^fei,  but  1  tiiink  il  riglit  lt>  repeat  then  will) 
greater  accuracy  before  I  fubmil  itiein  in  ilieeyeot'tlic  publ'^: 
il  upon  that  repelilion  they  appear  to  me  In  be  all^ndfd  willl 
refulti  of  fufficienl  importance  to  occupy  a  place  in  your 
Journal,  I  will  lake  (he  libcrry  of  coramunicaling  them  lo  }<»>• 
and  am.  Sir,  :    »  cr.  i 

Your  mofl  obedient  fefvant,         '    ii«'*=^ 
"""  THO.  NORTHMOKEi 

^*yf,S.  I  lliink  it  necclTary  Id  add.  that  during  iba  CnntGi 
of'llie  above- mentioned  experimenKi  (here  wa»  ■  great  vatin- 
tiim  of  leroperalure  in  the  almofphere,  from  lt>e  heM  of  70 
<legrees  ol  Fahrenheit  lo  ibe  cold  of  33. 


tjipknatitm  of  ihe  Figuret.  by  Mr.  Culhbcilfon. 

Fig.  2,  3,  *,  5.  I'laleXIV.  reprefenli  feaions  of  tlw  ft- Dtfc.ip 
veral  pari*  of  llie  fpfing-valvefor  ihe  condenfing  fyringei  a  i«jj'^„^ 
a  female  fcrew,  intended  lo  receive  the  male  al  llie  end  of 
(lie  fyringe  ;  i  U  i  fquarc,  to  which  ii  a  key  lo  Rtcw  il  per- 
fcfily  liglil  to  the  fyringe ;  d.  Fig.  3.  is  a  fumalc  fcrew  fitiej 
lo  Ihe  male  c;  <'  i>  a  male  fcrew  fitted  to  the  female  of  the 
glaft  receiver;  Fig.  4.  i*  a  round  fleel  arbor,  turned  with  a 
corneal  part  and  flat  fhoulder  at  a;  a  bin  Cpiral  fpring ;  Pig. 
5.  (I  a  hollow  brafi  cylinder  ferving  as  a  cover  and  guide  ttf 
fie.  4i  the  piece  Fig.  2.  hu  a  fmall  hole  drilled  through  the 
cenier,  and  turned  oul  at  ihe  end  c,  Co  as  lo  fill  Ihe  cone  a,  Fig. 
'ii  fig.  3.  it  turned  out  at/  fo  vtideat  lo  receive  Fig.  5. 

IF  the  plane  llmnk  cf  i  be  put  into  the  hole  ac  litl  iti 
cone  ftiul  clofe  inio  Ihc  hollow  cone  at  t,  Fig.  2.  and  the  other, 
end  wiih  the  fpiral,  covered  by  Fig  j.  fcrcned  light  upon  the 
flat  end  of  c,  and  d  b^  Icrewed  lo  c.  all  lijc  jiiintu  bcijig 
properly  fupplltd  will)  oil.  and  Icalher?,  il  is  tilled  /"or  ufe. 

Fig.  G.  itepreftnli  a  leftion  of  ihe  condenling  or  double 

fypbon  gagtf^N^  «  ghb  labebvol  into  tlife  form  of  Ihq 

figure*. 
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figures^  the  end  a  is  moanted  witli  •  brafs  fcrewi  faaTis|^  a 
Iiole  through  it  correfponding  with  the  infidc  of  the  tabe»  the 
leg  b  ch  iillcJ  with  mercury,  and  d  ift  hermetricall^  iealed: 
dc  h  divided  into  atmofphcres. 


XI. 

Accouni  qf  a  Graphmneierfor  meuJUrmg  ikc  Angler  of-  Crjfiah 
In  aLtOcrfrom  Mr,  Robert  B.tNCK<«,  No,  411,  Strand. 

To  Mr.  NICHOLSON. 
SI  K, 

Grf.it  advantage  \  XEED  not  point  out  lo  you.  and  to  the  harned  readcri 

of  diftinguilhing  *  f      • 

m<nerjU  by  their  ot  }'our  Journal,  how  great  iho  advantage  wjIj  tx;,  whenever 
lis'ure.  the  fame  may  be  realized,  of  diftinguifuing  fubjecli  of  the 

mineral  kingdom  by  their  external  appearance.  Tbii  hai 
long  been  done,  with  conliderable  precifioni^  by  operative 
men  who  have  acquired  their  Ikill  iVom  continued  pr^dice^ 
but  without  bt'ing  able  lo  communicate  the  knowledge  tliey 
polfcfs  by  any  (imfile  indicatiuns,  fuch  as  might  be  given  in 
writing,  or  through  the  medium  ol'  the  prcTs.  Neither  need 
'  I  on  this  occafion  point  out  Iiow  much  vvc  are  indebted  to  the 

Civ.lailogr^hy.  labours  of  Bergnian,  Rome  dc  i'lile,  and  above  all,  Hauy. 
for  fcientlHc  invcftigations  of  the   forms  of  cryftals,    which 
at  prefent  bid  fair  to  a£Ford  us  crilerions  of  the  mod  exicnfive 
ufe.     My  prefent  objcA  is  to  communicate  what  I  hope  will 
be  thought  one  ftep,  howe\'cr  fmall,  towards  facilitating  the 
CArangciu's       admeafurcment  of  their  angles.    In  your  llrft  vol.  at  page  132, 
grjp  .omctcrfor  ^^^  havc  given  an  account  of  the  graphomcler  of  Carangeau, 
which  is  now  confiderably  known  and  cHeemcd.      I   have 
rendered  that  inflrumcnt  fomewhat  cheaper,  and  eafier  in  the 
c^xccution,  and  more  corre6l  in  its  ule.     For  the  fake  of  thote 
,  who  may  not  have  that  volume  at  hand,  I  flinll  briefly  Hale, 

that  the  inflrument  confiHs  of  a  femi-circle,  like  tbat^hich 
I  am  about  lo  dcfcribc,  and  a  pair  of  compafTesor  legs  having 
their  centre  in  the  centre  of  the  femi-circlc,  but  capable  of 
having  their  points  drawn  back,  fo  as  to  admit  of  their  ap- 
plication to  any  fmall  cryftaLs    The  arc  of  the  feroi-circle  is 

divided 
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tlitrided  into  Ino  quajraiils  b}'  an  hinge,  fo  ikat  one  part  may 
be  (urned  baolc  Oii(  tt'tha  way  of  any  Tnineril,  whch  may 
requiia  to  be  biougitt  up  towntkls  l!:e  centre  for  admcafufc- 
mcnl;  ami  llie  faone  an-  can  aflcnvards  be  redued  to  its 
place,  in  order  lo  llicw  (he  ilcgree  and  fraflion  of  liie  anglf. 
^      Ttj  my  improved  inrtmnicnt   I  avoid   thiii  joint,  and  obtain  ImpmvcJ  ura- 
a  mucU  fituier  IVwimij;   by  ma)[itig  my  arc  in  the  form  of  "fdXt'wKtlj 
prolrafiar,  as  in  Fig.  I.  PUte  XV.  liaving  an  holluwcentre  alcntin,  and  the,, 
A,  and  a  (bd  «l  «,    boih  lymg   in   the  diredion  of  ihkL  ""P'"""  *  ,  j 
diameter  wtiicli  (ccniia^Gs  Iha  gtsdualioni.     The  cotDpaQcs.a^cpmiriy  I'or 
or  radii,  or  k-»(s,  are  (Iwivn  in  Fig.  *i.  feparale  from  ihe  arc. "": "firing  the 
TtieJr  ceuKe  C  11  made  like  ihule  of  ilie  common  ptoporliooal  ^ffH-ita  the 
compaflc!',  am!  admits  ot  (lie  legs  C  D,  C  F  being  wmfider- '""'.=""«'"■*' 
ably  len){ihoiied  or  Ihortencii  when  tlic  two  pieces  are  applied^    '"•  " 
to  cadi  other.     D  C  the  lixi-d  leg  is  repretented  at  benealJi 
F  G  ihe  moveable  leg  or  radiuj,  and  the  lower  end  of  llie 
centre  pin  ■>  made    lo  fit  the  bold  A  precifeiy^  at  the  fain* 
time  llial  the  feud  at  B  being  admilli^d  into  tbe  long  perfora- 
tion towards  E,  the  piece  D  E  becomct  l^cadily  attached  to 
the  ferai- circle  I  a*  is  leen  in  F'j;.  .'l- 

Tlie  aie  Is  obvioui.  The  cryAal  muft  be  meafurcd  by  iho 
detached  compalTtH  at  in  Fig.  2,  which  arc  macb  more  handy 
for  all  defcripliuitt  01  EDJnerals  than  Carangeau's  entire  i»- 
Urumctit;  and  when  [but  fet,  if  fig. '2  be  applied  10  b^  l» 
aa  before  dircfled,  tlie  angle  will  be  read  of  at  the  fiducial 
edge  of  G. 

1  hope  you  and  your  readeri  will  conlijer  tills  as  the  afcful 
finipU£calion  of  a  valuable  in(iruiD«nt,  and  ihall  be  hapjiy  to 
receive  yuur  fan^tion  by  in  appearing  in  a  woik  fo  gea^aHf 
known^an'd  cricemcd  as  your  Journal. 

I  am.  Sir, 

four  obedient  Servant, 

ROBERT  BANCKttj 
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4CC0X7NT  OF  NEW  BOOKS,  Kc. 

PhSopyhicel  TTanjHSioio  tf  tlie  Jtfyul  Society  </  London  far 
IB05.  Port  11.  Suarlo  353  ^S't,  tw>A  at  Ivdex,  aai  Sir 
Plut*.    Nicoll. 

T^^^Jof        '^'^  P"^'    ""'*'•"    '*'"    Mlowmg  communicaliom,    I, 
~M  Ri>;il  Abllrafl  ot  Obrervaiioni  on  a  Diarnal  Varialion  of  the  fiaro. 

»*i«I-  meter  between    the  Tropict.     By  J.  Hoifturgli,   E(q.     2. 

CoDoerning  ihe  DifTerence  in  liie  Magnetic  Needle,  on  board 
the  Iittfcflij^tor,  sridug  from  an  Alteration  in  the  Diicfliun 
of  Ihe  Ship's  Head,  By  MaiHiew  Hinders,  Etq.  Coraiaandei 
of  h»  Majcftj'i  Ship,  InveRigalor.  3.  Tbe  Phyfiology  oC 
the  Slape«,  one  of  llie  Bunei  of  l!>e  Organ  of  Hearing  ; 
dednced  from  a  comparative  View  of  ill  Structure,  and  Ufei 
m  different  Animal*.  By  Anthony  Carl ifle,  Efq.  F.  R.S. 
4.  On  an  ArliiiciBi  SublUnce  which  poiTelTei  the  principal' 
Charafte/illic  Propcriie*  of  Tannin.  By  Charlei  Halchelt. 
Eftj.  F.  R,  S.  5.  The  Cafe  of  a  full  grown  Woman  in  whom 
tbe  Ovaria  were  deficient.  By  Mr.  Charles  Pears,  F.  L.  S. 
6,  A  Defcription  of  MBl-formalion  in  ihe  Heart  of  an  Infant. 
By  Mr.  Hugh  Chudleigh  Sundari.  7.  On  a  Method  of  aoa- 
Ij/zm^  Sionet  conlaining  fixed  Alkali,  by  Mean*  of  the  Boracic 
Acid.  By  Humphry  Davy.  Efq.  F.  R.  S.  8.  On  llie  Dtrec- 
lion  and  Velocity  ol  Ihc  Muiion  of  the  Sun  and  Solar  Syflem. 
By  William  Herfcl»:l.  L.L.  D.F.  R.  S.  9.  On  tbe  re- 
prodii6ion  of  Buds.  By  Thomas  Andrew  Knight,  Efq. 
F.  R.  S.  10.  i'.imc  Account  of  Two  Mummies  of  the 
Egyptian  lb!':,  one  of  which  was  in  a  remarkable  perfefl 
Slate.  By  John  Pi-arfon,  Efq.  F.  R.  S.  11 .  ObfervalioBs 
on  the  lingular  Figuic  of  the  Pianet  Salarn.  By  William 
tferfchel,  L.  L.  D.  F.  K.  S.  \i.  0\\  ibe  Magnetic  Al- 
traftion  of  Oxides  of  Iron,  By  Timothy  Lane,  Efq.  F.  R.S. 
I  i.  Additional  £xpsrimem«  and  Remark)  on  an  Atlifkial 
ottbdance,  which  porfeiret  ihe  principal  Cbaradciillic  Pro- 
perties of  Tannin.  By  Charlej  Halchelt,  Efq.  F.  R.S. 
14-.  On  Ihe  Dilcovery  of  Palladium,  wilh  Obfervalioot  on 
other  Subdanccs  found  with  Plalina.  By  William  Hyde 
VVollaRon,  AI.  D.  F.  R,  S.  15.  Experimenli  on  a  Mineral 
Subllance,  formerly  fiippofed  to  be  Zeolite,  wilb  fome  Re- 
marks on  Two  Specie.1  of  Ucan-gliiqroer.  By  the  Rev 
Wiltiam  Gregor. 

i  Trmfti£Ho» 


7VM>iww  nf  th,  tloyU  SocScly  </  Edinburgh  (Uing  Ihe  Con-  ^^^^j*^"' 
tianatim  c/  fart  II.  (djrtier  KrUh  Pari  HI,  <tf  Ihe  fifth  c]ctj  el  tint- 
yoiutiiej  Eiiiaburgh  tluarlo  100  fiaga  Coaliimation  t^  Picn^'"V^ 
1l.  and  ltd  Paga,  Part  III.  Ao  Platti. 
THE  head»  of  memoirt  and  com  muni  cat  ion  I  ude  to  tli* 
Society  lince  llieii  laft  publication  aic  dirquifitiont  on  iho 
origin  and  radicnl  fenfc  ot  llw  Greek  prepol>tions,  by  Mr. 
James  Bonar,  and  experiments  on  the  contraction  uf  waIU 
by  beat,  bj  D'.  Thomat  Charles  Hope.  Thefe  two  papers 
ul  which  ihe  Utter  is  inlerted  in  our  Supplement,  complet* 
th«  Tecond  pari :  and  the  lliitd  part  coniaini  the  hiftoiy  of  th« 
Society  conMing  ol  llie  follanf  ing  3f  ticle;.  1 ,  Of  the  Diuinal 
Varialion}  of  the  Barometer,  by  Mr.  Playfatr.  2.  AuroTft 
Borealit  obfetved  in  Day-Light,  by  the  Rev.  D.  Patrick 
Grshani.  S.  Phenomenon  of  Two  Rain-Bowi  mterfefljiig 
cne  another,  by  Mr.  PlayFair.  4.  On  the  CombuAIoo  o£ 
the  Diamond,  by  Sir  George  Mackenzie,  Bart.  5.  Rentarkt 
on  the  Balalu  of  ihe  Coail  of  Anlrini,  by  the  Rev.  Dr. 
Richardfon.  6.  Rale  for  leducing  a  Square  Root  by  «  con- 
tinued FraSion,  by  James  Ivory,  Efq.  7.  Singulai  Variety 
of  Hcini),  by  Mr.  RuHel.  t.  Concerning  Ihe  CWlreure 
of  Penh,  by  the  Abb6  Mann.  9.  Explanation  of  ibe  Old 
Word  Skull  or  Skoll,  by  the  Kcv.  Dr.  Jamiefon.  10.  &!<>• 
graphical  Account  (if  Ihe  Lite  Dr.  James  Hullon,  by  Mr. 
Playfair.  U.  Minutes  of  Ute  Life  and  Charafter  of  Dr. 
Jofeph  Black,  by  Dr.  Fergufon.  12.  Appendix  Lift  «E 
Members  ele^ed  fince  the  Publication  of  llie  laft  Volume. 
13.  Lift  of  Donalioni.  i 

Atadanical  IiifiUvtima  m  Amtrlca, 
THREE  Indiluliom  foe  the  promotion  of  Natural  Phy- 
lofophy  and  the  Att>)  having  been  edablidied  in  the  Hnilvd 
flates  of  America,  not  many  months  ago,  of  which  no  noiicft 
has  hiihetio  appeared  in  this  woilt,  it  is  hoped  tlie  following 
Recount  of  them  will  not  b«  unacceptable. 

The  firft  it  an  Academy  of  the  Fine  Arts,  of  which  iha 

firft  idea  is  due  to  Mr.  Livingfton :    The  public  were  fo 

fcnGble  of  its  impottanee.  that  long  before  llie  arrival  of  the 

Vol.  XI!.— SurrLiukNT.  Cc  plaiftei 


* 

k 


vmw  too«K(  Ice. 

ptaiSer  of  Pari*  «ft»,  which  he  pcefented  to  Ihe  infanl 
Society,  the  DOmber  of  fubrcnberi)  at  25  piftflen  each, 
•mounted  to  ISO. 

The  fecond  Inf!ilulion  ii  a  Botanic  Garden  in  the  neigh- 
bourhood of  New-fork  ;  ai  yet  but  a  ftnalt  part  of  tfiR 
Ireafureiof  tire  Tegelabte  kingctom  are  to  be  feen  in  it,  but 
tlie  admirers  of  botany  hatlen  to  fend  (o  it  every  intercfting 
piant  which  it  to  be  foirad  in  their  vicinity.  Ths  charter  of 
iihwporation  of  llje  Tobrcriber*,  ii  entirely  oonfbirosble  l» 
the  viewi  of  the  fouiiders  oi  (hit  garden  of  planti,  and  ac- 
cording lo  eultom,  enfurei  the  permanency  of  the  eRablilh- 
ment :  when  the  hot  houTes  are  iinilheij,  it  it  cxpeQed,  that 
(he  collcflion  nf  every  thing  rare  and  mod  interefling,  pro- 
dueed  by  Ihefouthem  f1ale!>,  will  be  compteated. 

The  third  Inflitution  is  an  agricultural  fociety.  eflabliflied 
at  Walhinglan,  under  the  fpecial  proleflion  oF  govemmenU 
The  preflrfenf  of  the  United  Slate*,  who  n  a  moll  eutigfitened 
fgricultiirifV,  the  chief  men  of  Ihe  adcniniftralion,  Ihe  fena. 
iors,  and  the  deputies  of  congrefs,  are  all  meraben  of  it 
offirially.  The  fodely  being  now  wealthy  from  the  fumi 
granted  by  goTernment,  and  iht)  numerous  fubrcriptioiM  of 
BfTociatei  and  correfpondents,  have  purchafcd  an  tiandrocne 
houfe,  and  a  hrm  of  thtriy  acrei;  Ihcy  have  alfo  bfjah  4 
libr«ry  j  and  are  in  pofFeflion  of  the  fine  coI^eaioh  of  phagft;, 
and  other  inOramenti  of  Agriculture,  which  formerly  be* 
longed  Id  general  Wadiinglon  :  the  form  of  in  adhiiniAratlon, 
the  number  and  Ihe  fiicceflinn  of  its  memberj,  the  capiat 
which  it  may  poITefs  (fpecified  in  bulheb  of  com)  and  III 
whole  organization  is  regulated  by  its  charter  Of  ir:corpora^ 
tion;  which  connilules  this  alfociaiion  a  body  poliiic,  and 
fixes  Ihe  perpetuity  of  its  conlinuaiioo:  It  is  reported,  that 
the  anfwers  which  it  returned  lo  the  numerous  quellioni 
pfopofed  by  the  focietiei  of  Ihe  diflerent  itates  fooi^ 
after  ils  eftabllfhmeni,  will  form  a  very  interefting  woik 
which  will  foon  be  publifbed. 
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Crftcnon    >f    it/e. 

Dr.  STKUVC  lias  contrived  an  appaiatui  wliich  'm  men-  Criterio 
liotied  in  the  foreign  Juurnah,  but  not  defcrJbed.  The  ^*' 
ubject  of  i Is  application,  it  lo  (hew  by  meaniof  galvanifm, 
wiicther  the  appearance  of  death  be  real;  a  purpofc  fuf- 
liclenll;  interefiing  (o  every  human  being)  who  has  for  ft 
moment  reflected  on  llie  falisFaftion  wliich  recovery  from 
apparent  death  muf}  five  (o  the  friendi  and  relalivet  uf  the 
individual  fuppofed  to  be  dead  j  and  on  the  Dill  mofe  iiji- 
predive  and  dreadful  incident  of  recovery  af\er  burial.  Our 
galvanic  and  anatomical  piiilofopher;  wiJl  find  no  difficulty  in 
applying  this  powerful  agent  to  fu  good  a  purpofe,  in  which 
^le  learned  Doflor  has  the  merit  of  taking  the  lead. 


Mr.  SESSKEN  who  bat  ra<.-certrally  laboured  in  the  coa- 
flru^ion  of  a  rellefling  telefcope  of  thirteen  feet  focua,  has 
lately  fupptied  theObfervatoryat  Lilienlhal,  with  Iwomirrort 
ofMeen  feel  focus  and  eleven  inches  aperture,  which  prove 
lo  be  excellent,  and  bear  the  magnifying  power  of  200Q 
very  well,  on  ihe  proper  object',  and  at  fuch  feafons  u  are  lit 
for  making  obfervations  oF  this  nature. 


Kumbering  qf  Hovfet. 
A  NEW  mode  of  numbering  lioufes  has  lately  been  j*''?J*'*"|rf 
adopted  at  Paris,  which  i*  attended  with  much  advantage, 
and  deferves  to  be  fallowed  in  this  country.  Over  each  door 
the  numbers  are  painled  in  large  dillinA  charaAers,  and  in 
conrpicuous  colours ;  they  are  generally  either  brown  or 
red,  on  a  yellow  ground,  furrounded  by  a  blue  fquaie  ;  but 
(lie  principal  Itngularlly,  which  is  the  obJe£l  of  this  notice, 
is.  that  all  the  odd  numbers  are  placed  at  one  fide  of  the 
llreel,  and  the  even  numbers  at  the  other ;  by  which  means, 
may  be  feen  at  once  on  entering  the  ffreel,  at  which  fide  of 
the  way  Ihe  houfe  is,  which  is  fought  for;  by  which  much 
lime  may  be  faved,  not  only  by  its  making  it  unnecelfary  ever 
to  crofs  Ihe  lireet  moiQ  than  once,  but  alftt  by  ilt  alwayi 
preventing 
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|Miev«nting  (be  titmUe  cf  returning  beck  agun  oo  (be  cidiej 
fide  of  the  Areet  from  that  alreadjr  pafled,  to  find  a  partlcobr 
fiomber,    which  often  happens,  where  (he  old  nethod  o( 
numbering  is  ufed,  from  the  order  of  the  nombers  proceeding 
tegnlarly  down  one  fide  of  the  fireetf  aild  back  again  in  the 
reverted  dhedion  on  the  other ;  and  which,  when  the  itreett 
are  very  1ong»  as  many  are  in  this  metropolis,  it  often  at- 
ftended  with  ferioo^  inconvenience ;  but  in  the  new  method  of 
liumbering,  this  can  never  occur,  as  in  it  the  numbers  pro- 
ceed in  the  order  of  prqgreflion  in  the  fame  4iredion  at  both 
fides  of  the  fireeU  .     .■\ 
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AbERDEEK,    :»  want    of    1    public 

fibfiry,  iM  the  idiuitises  which  might 

dcKtmine  he«  much  ri  iblerlicd  in  ih* 

i             be  derived  from  fuch  u  cftibliAmcDt, 

.«7 

on  it,   .fo,  ,Si 

Ab«rwthy.  «iO 

Ath»ri,  M.  on  1  ne«  mode  of  obuinlng 

' 

,             [ugir  f«m  b«l.™t,  ii9 

Bailbet,    5t 

'             jiuUciil  to  <hc  hullU  af  the  ntlghbouo 

gulatinj,  s6 

hood,  .x6 

BuilIu,  Mt.  R,  hi>  Inftnimmt  fcf  mev 

furlngtheiBtlelof  cfjilJi,  J74 

Air,   .tmolpherk,   nt«  «petinieDU  on 

B«iff,  m  *M<  0f  a  pnblk  Rbia.,,  »« 

ihe  rtrpimion  of,    149.— DiiDlnulioo 

Baulu.,  Si[  Jofeph,  icference  to  hu  pun* 

oflBlhtprocefs,  »Si 

phl«  on  lh(  blight  in  cuii,  145 

AlIigjtM  of  North  AiBMio,  tu.bid  fljK 

corn,    145— Doubt  whclhei  (hi*  <ti(- 

of.  .1. 

eife  aRcQi  the  gnin,   146,  154 

Ancric^iD  inimil,  called  Ji|>Iho,  ucoonc 

Bjnho1«new'!i  Kofpitat,  Waunt  at,  61 

of,   .35 

Sorcon,    D>.  on   ibc  torpid   IbB  of  the 

Amcrieia    Inillinii    on     ihiir    fupfofed 

Noilh  Amccican  Aliigitbr,  iji 

Wilch  .rigln,   igi.  — Improbiblliliei 

B..tr«n,  Mr.  .Jl,  194 

ittcndiag  ths  idci,    1S7 

Baudiffere,    nuincfiia   earlli    of,    1S4, 

Analjfi.of  meiH-iie  ftonn,  J— Oftnu. 

3J0 

tiille  .eid,    5!.— Of   fo.li,    81.— Of 

Baumf,  I7I 

porcelun  earth,    17?.— Of  truinefiin 

KeaUDier  and  OatWi.  ftiperioient,  made 

unb  oF    U.iudllTeia,    310— Of   fic- 

by,  with  wattr  Wowing  machlna,  4ft 

titJaui  paiialani,  316 

Bedford,  Dulu  of,  19] 

Aaimil    MCriioa    and   mechanic    powei 

Bect-coDI,  luw  OHthed  of  obtaining  (iigir 

compsKd,  atlotheitiiunitjr,  1 

from,  1S9 

AnUoi,  4ft 

Bcllowi  applied   with   the    renrboKOfX 

Aqua-fortii,  diftlllation  of,  117 

furnace  in  rtfining  iron,  38— *|)ia. 

Aribit  anliqoitki  in  Spain,  Joi 

dricai  of  Ninlur,  ji 

Arty,  ChcTlliude,  41 

Bcrgmin,  105,  J74                       .       , 

B.mouillt.  Mr.  99 

AfcoApmy,  i97 

Beiihiei'i  piiaci  in  fariificjnoo,  joc 

1          AlhbBrner,  M(.  Ijl 

Berthollct,   IM.'»49 

,            Atiraamn  of  dellijtierccnl  fiUi,  table  of, 

Bc-Hr>ai,  on  CeriM,  ID5,  loS 

141 

Beyer,  Mr.  196 
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Bik}  O0|  t^^*— Corner  opmioot  r«ifc£t- 
iof  tanatofaMf  ib-i^-Ntw  ttycriawBti 

Bioty  M.  on  dK  femiiriwi  of  wtttr  by 

'  iiM  o#  the  tbeoRau  in  the  hQiPDioiium 
of  HuTgeniy  tfS 

Pagdwj  Sk  CfaaiieH  t9«*-Oa  the  cz« 
fnflMofwittry  341,  359,  sfis  .. 

IIMHm  RodUf  improTtd  mode  of,  41 9 
6o«^)aBftroftheoMaietho<l»  6i.— 
F«tfatr  oWierTacidiity  171 

yiifht  in  com,  145,  149.—- FrefocAtly 
siftakcn  for  ihnf  elkd  grain  premature- 
ly reaped,  153 
.  MiemJan  Sockty,  34 

Bonvoifin,  oa  the  Cameen  ftosei  or  €«• 

,  chpbQ|a  3^' 
feookt,  new*  37C 

Jloflb^  43* 

Botanie  Garden  at  Copenhageoi  ^99 

BMkoa  and  WattS|  174 

Boaaety  39 

Brak,  Mr.  X14 

Bn^le^  iff,  hu  new  piooefs  §wr  fteepmg 

.   heipp,  6f 

Brewsries,  124 
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